
 

Defining the position of cryoablation in the therapeutic
armamentarium of small renal masses
Citation for published version (APA):
Beemster, P. W. T. (2012). Defining the position of cryoablation in the therapeutic armamentarium of small renal
masses. [Phd Thesis 4 Research NOT TU/e / Graduation NOT TU/e), Amsterdam University Medical Center].
Universiteit van Amsterdam.

Document status and date:
Published: 01/01/2012

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/9d27457c-6a9c-4534-8b9c-4e35a29d1085


Defining 
the p osition 
of cryoabl ation 

in the therapeu tic 
armamentarium 

of small renal masses

D
efining the position of cryoablation in the therapeutic arm

am
entarium

 of sm
all renal m

asses
Patricia Beem

ster

uitnodiging
Voor het bijwonen van de openbare 
verdediging van het proefschrift

Defining  
the position  

of cryoablation  
in the therapeutic  

armamentarium  
of small renal  

masses

van

Patricia Beemster

op woensdag 11 januari 2012 om 
12.00 uur in de Agnietenkapel  

Oudezijds Voorburgwal 231
Amsterdam

Na afloop van de promotie bent u 
van harte welkom voor de receptie 

ter plaatse

Patricia Beemster
Grensstraat 110

1091 SZ Amsterdam
pbeemster@hotmail.com

06-41310474

Paranimfen:

Marije Vleugel
mmvleugel@hotmail.com

06-45790401

Jiska Sturm
jiskasturm@gmail.com

06-42258515

Patricia  B e emster

op om 
in de

Na afloop van de promotie bent u 
van harte welkom voor de receptie 

ter plaatse



Defining the position of cryoablation 
in the therapeutic armamentarium of small renal masses

Patricia Wilhelmina Theresia Beemster



Colofon

The printing of this thesis was financially supported by Galil Medical, Astellas Pharma BV, 

the University of Amsterdam, Ferring BV, Novartis Pharma BV.

ISBN:    978-94-90861-03-2

Layout and printing:  Ipskamp drukkers BV, Enschede

Cover design:  G. Dazelle, Amsterdam

© Copyright 2011 PWT Beemster. Al rights reserved. No part of this publication may be 

reproduced, stored in a retrieval system or transmitted in any form or by any means, 

without prior written permission of the author.



Defining the position of cryoablation 
in the therapeutic armamentarium of small renal masses

ACADEMISCH PROEFSCHRIFT 

ter verkrijging van de graad van doctor 

aan de Universiteit van Amsterdam 

op gezag van de Rector Magnificus 

prof. dr. D.C. van den Boom

ten overstaan van een door het college voor promoties ingestelde 

commissie, in het openbaar te verdedigen in de Agnietenkapel

op 11 januari 2012, te 12.00 uur 

 

door 

Patricia Wilhelmina Theresia Beemster

geboren te Hoogkarspel 



PromoTieCommissie

Promotor:  Prof. dr. J.J.M.C.H. de la Rosette

Co-promotores:  Dr. M.P. Laguna Pes

  Prof. dr. ir. H. Wijkstra

Overige leden:  Dr. A. Bex

  Prof. dr. R.T. Krediet

  Prof. dr. J.S. Laméris

  Prof. dr. P.F.A. Mulders

  Prof. dr. D.J. Richel

  Dr. P.C.M.S. Verhagen  

  Prof. dr. M.J. van de Vijver

 

faculteit der Geneeskunde 

 



TaBle of ConTenTs

Chapter 1
General introduction

Chapter 2
The performance of 17-gauge cryoprobes

Chapter 3
In vivo factors influencing the freezing cycle during cryoablation of small renal 
masses

Chapter 4
Are there parameters that predict a non-diagnostic biopsy outcome taken during 
laparoscopic assisted cryoablation of small renal tumours?

Chapter 5
The diagnostic yield of immediate postcryoablation biopsies of small renal masses

Chapter 6
Laparoscopic renal cryoablation using ultrathin 17-gauge cryoprobes: mid-term 
oncological and functional results

Chapter 7
Perioperative morbidity of laparoscopic cryoablation of small renal masses with 
ultrathin probes – a European multicentre experience

Chapter 8
Quality of life and perceived pain after laparoscopic assisted renal cryoablation: a 
prospective longitudinal study

Chapter 9
Follow-up of renal masses after cryosurgery using computed tomography; 
enhancement patterns and cryolesion size

Chapter 10
Discussion and future perspectives

Chapter 11
Summary
Samenvatting
Dankwoord
Curriculum vitae

7

21

39

51

65

79

95

111

127

143

159





Chapter 1
General introduction



8

Chapter 1

1. The TreaTmenT of small renal masses

In 1963 Robson et al. introduced the radical nephrectomy for clinically localized 

renal cell carcinoma (RCC) in the presence of a normally functioning contralateral kidney 

[1]. Classically, the entire kidney, including Gerota’s fascia, was removed along with the 

ipsilateral adrenal gland, the proximal ureter, and lymph nodes. Cancer specific survival, 

local tumour control and progression-free survival have been extremely high with this 

approach. During the last two decades the advent of new technologies has introduced new 

minimally invasive and nephron sparing techniques. 

In 1991 Clayman et al introduced the laparoscopic radical nephrectomy [2]. With 

decreased hospital stay, shorter convalescence, decreased postoperative pain, and 

equivalent cancer control, this approach gained wide acceptance as an alternative to 

the open method. However, the main concern with radical nephrectomy is the negative 

impact on renal function and the development of chronic kidney disease [3]. Furthermore, 

nephrectomy induced renal insufficiency was shown to be a significant independent 

predictor of overall and cardiovascular specific survival [4]. This has led to the desire to 

preserve as much normal renal parenchyma as possible; so called nephron sparing surgery. 

The first type of nephron sparing surgery that was introduced was partial nephrectomy 

whereby selectively the tumour plus a small margin of healthy tissue is excised. One of the 

fundamental parts of the operation is clamping of the renal vessels; doing so diminishes 

blood loss and obtains a ‘dry’ field such that one can perform precise tumour excision, 

visualize the collecting system, and repair it in case of calyceal entry. The duration of the 

time of clamping, or ‘ischemia time’ is a primary consideration, and literature research 

shows increasing renal damage is proportional to ischemia time [5;6]. Since it yields 

virtually identical oncologic outcomes as radical nephrectomy it is now considered the 

standard treatment of most T1 tumours.

Laparoscopic partial nephrectomy is technically more challenging than the open 

approach, and therefore restricted to centres (and surgeons) with advanced laparoscopic 

expertise [7]. Specifically, bleeding requiring transfusion, urinary leakage, and positive 

margins are some of the most concerning complications [6]. When compared to open 

partial nephrectomy, laparoscopic partial nephrectomy has a higher rate of complications 

[6]. However, laparoscopic partial nephrectomy is associated with decreased blood loss 

and a shorter hospital stay [8]. The intermediate term oncologic results and outcomes of 

renal function are similar to those of open partial nephrectomy [9].

The most recent additions to the armamentarium of treating small renal tumours 

are thermal ablation therapies such as cryosurgery and radiofrequency ablation. By 
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1means of either very low or very high temperatures the tumour cells are destroyed 

in situ by inserting one or multiple needle-shaped probes into the tumour. One of the 

most important advantages of the thermal ablation therapies is that there is no need for 

renal clamping which should minimize negative effects on renal function compared to 

partial nephrectomy. This made these treatments very appealing for patients who require 

conservation of renal parenchyma such as patients with multiple (hereditary) renal 

tumours, renal insufficiency or a solitary kidney. 

Today over 50% of renal masses are discovered incidentally due to the widespread use 

of imaging studies (such as ultrasound) prompted by nonspecific and unrelated symptoms 

[10;11]. These tumours, or ‘incidentalomas,’ are more likely to be organ confined and 

associated with improved prognosis. Between 1982 and 1997 the mean age of patients with 

incidentalomas showed an increase from 57 to 62.6 years, with the percentage of patients 

older than 65 years almost doubling (from 24.7% to 48.7%) [10]. With age, life expectancy 

decreases and comorbidity often increases, making these patients not ideal candidates for 

surgery. However, many patients are uncomfortable with the notion of leaving potentially 

malignant lesions untreated, and ask for treatment. Also for this group of patients ablation 

therapies seem a good option.

2. CryoaBlaTion

2.1 history of cryoablation [12;13]

The effects, both injurious and beneficial, of cold on tissue have been known since 

ancient times. The English physician James Arnott (1797 – 1883) was the first to describe 

the benefits of local application of cold for the treatment of cancers in accessible sites such 

as the breast and cervix by applying a mixture of salt and crushed ice. This resulted in 

shrinking of the tumour and reduction of pain. 

In the latter part of the 19th century, scientists observed the so-called Joule-Thompson 

effect: the temperature change of a gas or liquid when it is forced through a valve. This way 

one could attain much lower temperatures than with the salt/ice mixtures, and soon these 

refrigerants or so-called ‘cryogens’ were employed for medical use. For example, liquid air 

and liquid oxygen were used for treating a large range of skin conditions such as herpes 

zoster, naevi, ulcers, acne and epitheliomas. They were generally applied either by direct 

application onto the skin or by use of cotton wool twisted around a piece of cane that had 

been dipped into the liquid cryogen. The limitation of this kind of application was the 

penetration of only 2-3 mm of tissue; insufficient to treat tumours.

The development of cryosurgery as a therapeutic technique received a major stimulus 

from the introduction of automated cryosurgical apparatus cooled by liquid nitrogen by 



10

Chapter 1

Cooper and Lee in 1961. Cooper, a neurosurgeon in New York, described use of liquid 

nitrogen-cooled probes for brain surgery and treatment of Parkinsonism and other 

neuromuscular disorders. The usefulness of cryoprobes for the treatment of a wide 

range of disease, including tumours, was quickly recognized, and the indication rapidly 

expanded. During the 1960s other types of cryosurgical devices were developed using 

liquid nitrogen and other cryogenic agents, including nitrous oxide, carbon dioxide, argon, 

ethyl chloride, and freons. The choice of cryogen and the method of refrigeration provided 

several possible types of devices yielding different freezing capabilities, which could be 

adapted to the clinical problem. 

By the end of the 1980s, cryosurgical techniques had become an accepted treatment 

in certain specialities such as dermatology and gynaecology; however, cryosurgery was a 

minor therapeutic tool in surgical practice and was considered only when conventional 

surgical excision was not applicable. One of the problems when treating visceral tumours 

such as in liver and prostate was the inability to visualize the internal edge of the tumour 

and the ice ball. 

Renewed interest in cryosurgery followed the development of intraoperative 

ultrasound and its use to monitor the process of tissue freezing. The ultrasound image 

identified the site of the lesion, guided the placement of the cryoprobe into the lesion, and 

monitored the freezing process. In addition, the development of an array of endoscopic 

and percutaneous access devices stimulated the use of cryosurgery in visceral disease, 

especially for tumours.  In the same period, the use of cryosurgery was facilitated by 

improvements in cryosurgical apparatus, especially in the development of vacuum-

insulated probes of small diameter, supercooled by liquid nitrogen, at temperatures below 

-200 degrees Celsius.

Investigations on the practicality of CT and MRI to monitor freezing of tissue quickly 

followed monitoring by ultrasound. Both CT and MRI have the advantage of providing a 

three-dimensional image. With appropriate modelling software MRI can even predict the 

isotherms in the frozen tissue, important for predicting the volume of destroyed tissue. 

However, MRI is more cumbersome and all instruments need to be nonmagnetic. 

These developments gave new enthusiasm to freezing techniques as cryosurgery 

moved into the 1990s; initially in the treatment of prostate cancer and liver tumours, 

later extending to cryosurgery of obstructing bronchial tumours, bone tumours, uterine 

fibroids, and of kidney, breast and other neoplasms. 

In 1995 Uchida et al were the first to report on percutaneous cryosurgery of renal 

tumours in two patients with advanced renal carcinoma [14]. One year later Delworth 

reported on the application of open cryosurgery for two patients with renal masses in a 

solitary kidney [15]. In 1998 the first clinical series using laparoscopic cryoablation was 

reported on by Gill et al [16]. They were the first of many to follow. 
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12.2 Pathophysiology of cryoablation [17-19]

The lethal effects of freezing arise from two major mechanisms, one immediate, and 

the other delayed. 

The immediate cause of injury is the direct deleterious effect of the freeze and thaw 

cycles on the cells. During freezing, the cells in close proximity to the cryoprobe are 

almost instantly brought to extremely low temperatures which result in the formation 

of intracellular ice crystals. During thawing these ice crystals fuse to form larger crystals, 

causing shearing forces, which disrupt the cell membranes. Cells that are further away 

from the cryoprobe are frozen more slowly, leading to ice formation predominantly in the 

extracellular spaces, which leaves solute behind and creates a hypertonic environment. 

Osmotic shifts drive water out of the cells and dehydration causes further membrane 

damage. During thawing, osmotic forces return water from the now hypotonic extracellular 

space into the shrunken cells, resulting in intracellular oedema and lysis. 

The delayed cause of injury is the microcirculatory failure, which occurs in the first 

hours until days after thawing of the tissue. The initial response to the cooling of tissue 

is vasoconstriction and a decrease in the flow of blood. With freezing, the circulation 

ceases. As the tissue thaws and temperature rises above 0°C, circulation returns with 

vasodilatation. Oedema develops and progresses over a few hours. Endothelial damage 

results in increased permeability of the capillary wall, oedema, platelet aggregation, and 

microthrombus formation, which results in stagnation of the circulation. The loss of 

blood supply deprives all cells of any possibility of survival and results in uniform necrosis. 

In addition, apoptosis, or ‘programmed cell death’, is also seen in freezing injury, especially 

in the periphery of the cryolesion. In vitro studies have shown that this can occur up to 48 

hours after re-warming [19]. 

These cell-destructing mechanisms are related to several parameters: the freeze and 

thaw rate, the duration of freezing, the number of freeze cycles, and the lowest temperature 

reached. 

The freeze rate must be as fast as possible because the potential to produce intracellular 

ice is enhanced and the cryolesion is produced more quickly. However, a short distance 

from the probe, the rate of freezing becomes slow and therefore the freeze rate cannot be 

considered the prime factor in cryoablation. Slow thawing is a prime destructive factor, 

since in this period the recrystallization and solute effects cause the most damage to the 

cells. Thawing is best done by allowing the tissue to thaw passively, i.e. without active 

heating. 

The optimal duration of freezing is not known, and often not considered important. 

Looking at the evidence, it seems likely that duration is unimportant if the tissue is held 

at temperatures colder than -50°C. However holding tissue in the frozen state at warmer 
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temperatures (i.e. warmer than -40°C, at which solute effects and recrystallization take 

place) will increase destruction. 

Since the beginning of modern cryosurgery, the need for repetitive freezing for the 

treatment of cancer has been recognized. The repeated cycle produces faster and more 

extensive tissue cooling to enlarge the volume of frozen tissue and move the border of 

certain tissue destruction closer to the outer limit of the frozen volume. With repetition, 

the second cycle increases the extent of necrosis to perhaps 80% of the previously frozen 

volume. Therefore, two freeze cycles are advocated. 

The temperature at which cells are killed, the so-called lethal or critical temperature, 

is the most extensively studied parameter. In vitro and in vivo studies have shown that it is 

cell type dependent, but certainly extensive cell destructions occur at temperatures below 

-20°C. 

3. CryoaBlaTion of renal masses

Cryoablation can be performed open, laparoscopically and percutaneously. An open 

approach is not the preferred method and is only performed in those rare cases when 

patient, tumour or anaesthetic characteristics do not allow a minimally invasive approach. 

In principle, an open approach follows the same steps as the laparoscopic approach. 

The choice of laparoscopic or percutaneous techniques depends on tumour location, 

surgeon and patient preference, and associated patient comorbidities. Laparoscopic 

cryoablation offers the advantage of precise cryoprobe positioning and monitoring of the 

ice ball in real time under both sonographic and direct visualization. For percutaneous 

cryoablation, axial imaging with CT or MRI can actively monitor the ablation process. 

3.1 laparoscopic cryoablation (lCa)

LCA can be performed through a transperitoneal or a retroperitoneal approach. The 

transperitoneal approach is generally used for anterior, antero-medial, and hilar renal 

masses. A retroperitoneal approach is generally used for posterior and lateral tumours. 

The renal mass is targeted using pre-operative imaging and intra-operative ultrasound. 

Firstly the kidney is mobilized and the peri-renal fat overlying the renal mass is 

selectively removed from the capsule. This allows complete visualization of the renal 

mass, and later, optimal placement of the cryoprobes. To obtain a histopathological 

diagnosis, usually multiple core biopsies of the mass are taken. Depending on the size of 

the tumour and the size and freezing characteristics of the cryoprobes used, one or more 

cryoprobes are placed into the tumour. This is done under laparoscopic vision and using 

the ultrasound to assess the precise location and depth of each probe. One or more so-
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1called thermosensors can be inserted into the centre and/or at the rim of the tumour to 

monitor temperatures. Following placement of the cryoprobes and thermosensors, the first 

freeze cycle is performed followed by a thaw phase (active or passive). The iceball is easily 

characterized by ultrasound as a hypoechoic area with a hyperechoic rim and posterior 

acoustic shadowing. If multiple probes are applied, the individual iceballs can be seen 

initially, and later, these fuse into one larger iceball. The iceball should engulf the entire 

tumour, thereby ablating the cancerous tissue plus a safety margin of healthy tissue of 0.5 

-1 cm by lethal freezing injury. This is monitored by ultrasound and the thermosensors. 

The removal of the probes should not be undertaken until thawing has occured following 

the second freeze cycle. 

3.2 Percutaneous cryoablation (PCa)

Image guided PCA is typically employed for posterior and lateral tumours using CT 

or MRI. The procedure can be done by urologists or radiologists alone, but is usually a 

combined effort [20]. The tumour is localized and (after taking a biopsy) the cryoprobes 

(and thermosensors) are inserted just beyond the lower border of the tumour. In selected 

cases saline can be infused to physically separate the kidney from the adjacent chest wall, 

spleen, colon or ureter. During and after the double freeze-thaw cycle, the ice ball is 

monitored by CT/MRI.  

PCA can be accomplished under conscious sedation or general anaesthesia. Conscious 

sedation is thought to further minimize the morbidity of therapy while increasing the 

likelihood of the procedure being performed on an outpatient basis. General anaesthesia 

optimizes patient tolerance, allows for greater control of respiratory motion during probe 

placement, and potentially improves accuracy of targeting the tumour [21].

Currently, there are no absolute indications for performing renal cryoablation with 

a percutaneous approach as opposed to a laparoscopic approach. Aside from being less 

invasive than any other approach, advantages of a PCA include decreased pain, shorter 

hospitalizations, accurate ablation monitoring with CT or MRI, and cost-effectiveness 

[22]. Disadvantages of PCA include the lack of visual observation of the tumour during the 

ablation process and inability to assess immediate bleeding. Mobilization of the kidney is 

not possible and therefore probe placement is dependent on patient positioning to gain 

proper access to the renal tumour. This is especially important if the renal neoplasm is 

near the upper pole (near the pleura), ureter, or close to any bowel structure. 
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4. ouTline of This Thesis  

4.1 Cryoprobe performance

Several studies have shown that kidney tissue must reach a temperature of at least 

-20°C to be sure all cells are killed [23]. Although intraoperative ultrasound, CT or MRI 

is used to check the placement of the cryoprobes and the ice ball growth, they do not 

give information about the temperature inside the ice ball. To overcome this problem, 

thermosensors are used; needle shaped thermometers. Temperature is usually measured at 

one or two locations in the tumour; one in the centre and one at the edge of the tumour. It 

is important to know the accuracy of the measurements of these thermosensors to predict 

successful ablation. Therefore, in chapter 2 we tested the performance of thermosensors. 

In addition, we tested the performance of 17 Gauge cryoprobes (i.e. 1.47mm in diameter) 

since these small cryoprobes are typically used in a multiprobe setup and it is imperative 

that they deliver a predictable and equal performance during each of the two freeze cycles. 

This was done by freezing an agar medium using single cryoprobes and four 

thermosensors positioned around it. This enabled us to measure variability between the 

performance of different cryoprobes, the variability in performance of single cryoprobes 

during different freeze cycles, and the variability of the thermosensors. 

Testing cryoprobes in vitro, such as an agar medium gives us accurate information 

about cryoprobe performance. However, a tumour within highly perfused kidney tissue 

of 37°C is of course quite different from agar, and may influence the performance of the 

cryoprobes. Using our clinical data we analysed the influence of 13 tumour and patient 

characteristics such as size of tumour, tumour location, the presence of cardiac disease 

and hypertension on the freezing rate generated by the cryoprobes in chapter 3. 

4.2 histopathological diagnosis

Differential diagnosis of a renal mass includes:  renal cell carcinoma, renal adenoma, 

oncocytoma, angiomyolipoma, urothelial carcinoma, metastatic tumor, abscess, 

infarct, vascular malformation or pseudotumour. With the exception of fat-containing 

angiomyolipoma, no current imaging method can distinguish between benign and 

malignant solid tumours or between indolent and aggressive tumour biology. Of renal 

masses < 4 cm that can be treated by cryoablation, 23% potentially are benign [24].

Unlike surgical treatment where the renal mass is excised and the specimen can be 

examined to establish the histopathological diagnosis of the mass, ablative therapies treat 

the tumour in situ, so no tissue is readily available. However it is imperative to know the 

histopathological diagnosis to be able to determine prognosis and intensity of follow up. 

Therefore, biopsies are taken, either pre- or peroperatively. 
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1In general, biopsy sensitivity decreases and failure rate increases as the size of the 

mass decreases [25]. Cryoablation is mostly used to treat T1a renal masses (i.e. < 4cm), 

this means that biopsies taken from these small renal masses have a relatively high biopsy 

failure rate. This is also the case when looking at most series on renal cryoablation, with 

overall percentages of unknown or indeterminate pathology of 17.7% reported in a meta-

analysis [26]. 

In our clinical series we encountered a non-diagnostic biopsy rate of 22%. In chapter 

4 we set out to investigate whether there were certain tumour or biopsy specific factors 

indicative of a non-diagnostic outcome. 

Percutaneous renal biopsy or fine needle aspiration has traditionally served a 

limited role in the preoperative evaluation of renal masses not only because of concerns 

about a high false-negative rate and non-diagnostic sampling, but also due to potential 

complications and needle-tract seeding. In laparoscopic renal cryoablation the biopsy is 

usually taken peroperative, just prior to the actual ablation. This may have some side effects 

for the procedure. For example, a bleeding that occurs after taking a biopsy potentially 

interferes with the correct placement of the cryoprobes, and the puncture site could be a 

point of origin of a capsular tear or tumour fracture after or during ablation. In chapter 5 

we therefore investigated whether taking biopsies after the ablation (so effectively taking 

biopsies of the frozen tumour) could lower complication rate while not influencing the 

ability of pathologists to make a correct diagnosis. 

4.3 Clinical results

Initially, cryoablation was used to treat specific patient groups. Firstly, patients with 

an impaired renal function, a single kidney, multiple tumours, or a hereditary form of 

RCC such as Von Hippel-Lindau disease for whom preserving as much kidney function 

as possible is essential. Secondly, older patients (> 60 years) with multiple systemic 

diseases, and therefore a relatively high surgical risk. Expanding the indication for renal 

cryoablation is somewhat controversial and clinical results regarding complications, 

oncological outcome and overall survival are essential to determine the position of renal 

cryoablation in the general treatment algorithm of renal cell cancer. 

Therefore, chapter 6 shows the clinical results of the laparoscopic renal cryoablations 

at our own institution, and chapter 7 the results of the combined efforts of 5 European 

hospitals in a multicentre study. They show which type of patients were treated, including 

their comorbidities, which complications occurred, the effect on kidney function, and of 

course the oncological results. 

To assess the benefits of an intervention, it is essential to provide evidence of the 

impact on quality of life (QoL). This can further help in the decision making between the 
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different types of treatment for patients and physicians. In chapter 8 we prospectively 

evaluated QoL and perceived postoperative pain of our patients treated with laparoscopic 

renal cryoablation using validated questionnaires.

4.4 follow up

Unlike partial nephrectomy, where initial pathologic exam of the tumour plus 

subsequent radiological imaging to determine treatment success is utilized, ablation 

techniques mainly rely on postoperative radiological assessment with either CT or MRI to 

determine treatment success. No standard protocol for imaging follow up of ablated lesions 

currently exists. The available data indicate that treatment failure is usually detected in 

the first year after the ablation. Therefore, it is common practice to make three or four 

imaging studies during the first year, and subsequently reduce the frequency. However, it 

is not very clear how a recurrence will appear on imaging studies, and certain findings can 

be difficult to interpret. In chapter 9 we described the characteristics of cryolesions as seen 

on CT. We looked at size and enhancement patterns, and assessed correlation between 

these imaging findings and histopathological diagnosis. 
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aBsTraCT

In cryosurgery it is crucial that the performance of cryoprobes is predictable and 

constant. In this study we tested the intra- and interneedle variation between 17-gauge 

cryoprobes in two homogeneous mediums. Also, a multiprobe setup was tested. Cryoprobe 

performance was defined as the time it takes 1 cryoprobe to lower the temperature from 

0 to -20°C as measured by 4 thermosensors each at 3 mm distance from the cryoprobe. 

In agar eight cryoprobes were tested during six freeze cycles, and in gel four cryoprobes 

during four freeze cycles; each freeze cycle in a different cup of agar or gel. Using more 

accurate ‘bare’ thermosensors three cryoprobes were tested in gel during two freeze cycles. 

A multiprobe configuration with four cryoprobes was tested during two freeze cycles in 

both agar and gel. Statistical analyses were done using ANOVA for repeated measures. 

There was no significant intraneedle variation, whereas both in agar and gel there 

was a significant interneedle variation (p<0.05). Mean performance in gel was better than 

in agar (p<0.001). Also, there was a significant variation between the four thermosensors 

(p< 0.001). Using bare thermosensors mean performance was 2.7 faster compared to 

measurements by regular thermosensors (p < 0.001). In a multiprobe configuration, overall 

performance seems less variable and more reproducible compared to a single cryoprobe.

In conclusion, the performance of cryoprobes differs depending on the medium and 

measuring device used. Cryoprobes deliver reproducible freeze cycles, although there is 

variation between different cryoprobes. In a multiprobe configuration performance seems 

less variable. 
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inTroDuCTion

Cryosurgery is one of the minimally invasive techniques used to treat renal tumours 

<4cm. One or more needle-shaped cryoprobes are inserted into the tumour, and using 

argon gas or liquid nitrogen an ice ball is formed. This should engulf the entire tumour, 

thereby ablating the cancerous tissue plus a safety margin of healthy tissue of 0.5 – 1 cm by 

lethal freezing injury. 

The lethal effects of freezing arise from two major mechanisms. These are the direct 

injury to cells caused by ice crystal formation and the microcirculatory failure which occurs 

in the thawing period [1]. These mechanisms are related to several parameters: freeze rate, 

end temperature, duration of freezing, thaw rate, and number of freeze cycles [1-3]. 

The most extensively studied parameter is the “lethal” or “critical” temperature, 

resulting in complete loss of cell viability. This temperature is highly cell type dependent 

[1,2], and even for renal tissue alone it is difficult to define the exact lethal temperature due 

to differing experimental conditions. In normal renal tissue a temperature of -20°C was 

shown to give extensive tissue damage [4-7], although lower lethal temperatures might be 

expected in malignant renal tissue [8]. 

Unfortunately, there are limited tools available to identify the three-dimensional 

location of the critical isotherm during cryosurgery. Intra-operative ultrasound, CT or 

regular MRI can be used to monitor the placement of the cryoprobes and the ice ball 

growth, but they do not give information about the temperature inside the ice ball [9]. MR-

based thermometry seems to be a promising method for estimation of real-time isotherms 

[10,11], however, this is an expensive and cumbersome method. Until this problem is 

remedied otherwise, the use of thermosensors measuring the temperature at several 

locations in and around the tumour is critically important. 

Different sized cryoprobes are commercially available for clinical use. When using the 

thin 17-gauge (1.47 mm) cryoprobes, multiple probes are inserted into the tumour; and two 

freeze cycles of approximately ten minutes are employed. Temperature is usually measured 

at one or two locations by thermocouples, placed in the centre and at the edge of the 

tumour. In this setup it is imperative that each cryoprobe delivers the same performance, 

and that performance during the second freeze cycle is consistent with the first. The aim of 

this study was therefore to test the performance of 17-gauge cryoprobes; both intraneedle 

(between different freeze cycles of one cryoprobe) and interneedle variations (between 

different cryoprobes) were studied.

Several studies have compared the performance of different sized cryoprobes, 

different cryosurgical devices, and performance in different materials and tissues in single 

and multiprobe configurations [12-17]. In most of these studies temperature is measured 
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in the horizontal and/or vertical plane at different distances from the cryoprobe by one 

thermosensor at each measuring point. In this way it is inevitable that a measuring error 

comes into play; a variation in temperature can either reflect an error in the position or the 

functioning of the thermosensor, or variation in cryoprobe performance. Therefore, we 

used 4 thermosensors all placed at 3 mm from one cryoprobe to measure its performance. 

We defined cryoprobe performance as ‘the mean time it takes a cryoprobe to lower the 

temperature of the medium from 0 to -20°C as measured by the four thermosensors 

positioned around it.’ In this setup measuring variations of the thermosensors and freezing 

variations of the cryoprobe can be analysed separately. In addition, we used more accurate 

‘bare’ thermosensors to measure performance. To our knowledge, the performance of 

cryoprobes has never been investigated in this way.  

Ideally, performance should be tested in human renal neoplastic tissue since this is 

of course the best representative of the clinical situation. However, in this way, external 

variables such as the inhomogeneity and vascularity of tissue will influence performance. 

To loose these variables, we used agar to test performance. To investigate the influence 

of the freezing medium on performance, the cryoprobes were also tested in ultrasound 

gel. And, since in the clinical setup 17-gauge cryoprobes are usually used in a multiprobe 

configuration, they were also tested in such a setup.

maTerials anD meThoDs

The SeedNet Gold system, a commercially available cryogenic unit, with 17-gauge 

cryoprobes (type CryoNeedles) and thermosensors (Galil, Tel Aviv, Israel) was used. 

Freezing was done using high-pressure argon gas undergoing the Joule-Thompson effect. 

Using a pressure regulator, the pressure of the argon gas in the SeedNet system and the 

cryoprobes was kept constant at 230 bar. Only if the pressure in the cylinder came below 

230 bar the pressure decreased in the cryoprobes and the cylinder was replaced. Helium (at 

150 bar) was used for thawing between freeze cycles. The gas flow on the SeedNet machine 

was set at 100%. For testing the cryoprobes performance with regular thermosensors cups 

with agar (3% LB Agar, Invitrogen) and ultrasound gel (Conductivity gel, Ultra/Phonic, 

Codali) at room temperature were used as a homogeneous medium for ice generation. 

The cups were 9 cm in diameter and 8 cm high. The regular thermosensors consist of 

thin metal wires inside of 17-gauge needles similar to the cryoprobes. These are connected 

to the SeedNet system, which digitally records the temperature every 6.6 seconds and 

accurate to a 10th degree.

To measure cryoprobe performance a customized template was used. It consists of 

three Plexiglas round discs (1 cm thick), spaced 5 cm apart, with drilled holes to exactly 
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fit 17-gauge needles (fig. 1). One was cryoprobe positioned in the centre, and four 

thermosensors positioned parallel to this cryoprobe at 3 mm distance at different angles 

from the cryoprobe, namely 0, 90, 180 and 270 degrees (fig. 2A). All five needles were placed 

at a depth of 25 mm into the medium with the tips approx. 3 cm away from the template. 

The same thermosensors were used for all experiments and kept at the same position from 

the central cryoprobe. Once all four thermosensors reached -20°C, freezing was stopped. 

Between freeze cycles an active thaw was performed until all needles could be retracted 

from the medium, then they were placed into a new cup of medium at room temperature.

figure 1 Template

Picture of the customised template with 1 cryoprobe and 4 thermosensors parallel to it at 3 mm distance 
(see also figure 2A).  

 

During each freeze cycle, we measured the time from 0 to -20 degrees using the 

four thermosensors; the mean of these four measurements (± SD) was considered 

the performance of one cryoprobe during one freeze cycle. The mean performance of a 

cryoprobe was calculated by taking the average (± SD) performance of the different freeze 
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cycles. To test inter- and intraneedle variation in agar we measured the performance of 

eight cryoprobes (C1 to C8) during six consecutive freeze cycles. 

To see whether the freezing medium influenced cryoprobe performance we partially 

repeated the experiments in ultrasound gel. For this, C1 to C4 were each tested four times 

using the same experimental setup and same thermosensors as in the agar-experiments. 

The statistical analysis (see paragraph below) was done for those four cryoprobes (so 

excluding C5 to C8 of the agar-experiments).

From the experiments in agar and gel variations between the measurements of the 

four regular thermosensors could also be analysed.

The performance of cryoprobes in gel was also tested by using another type of 

measuring device. Instead of the needle shaped regular thermosensors ‘bare’ thermosensors 

were used. They consist only of the thin metal wires that are also inside the regular 

thermosensors. These were connected to digital recorder that measured temperature once 

every second accurate to a 10th degree. Two bare thermosensors were firmly fixed inside 

a Plexiglas box of 10x10x10 cm so that they could not move due to the force of an iceball. 

The box was filled with ultrasound gel so that the bare thermosensors were 3 cm under the 

surface of the gel. A cryoprobe was placed in between the two bare thermosensors with 

its tip at 3 mm distance from each of their measuring points (see figure 2B). In this setup 

three cryoprobes were tested two times. Between each test the ultrasound gel was allowed 

to return to room temperature. 

For the multiprobe experiments we placed four cryoprobes in a square configuration 

with thermosensors placed as shown in figure 2C. The distance between each cryoprobe 

was 1.25 cm and they were put into the agar or ultrasound gel at a depth of 2.5 cm. This set 

up was tested three times in agar and twice in gel.  

For the statistical analysis an analysis of variance (ANOVA) for repeated measures 

was performed. The model contained freeze cycle and thermosensor as fixed effects, and 

cryoprobe as random effect. When comparing the freezing performance in gel vs. agar, an 

additional variable (gel or agar) was included as fixed effect. When comparing performance 

using regular thermosensors or bare thermosensors, this was added to the model as fixed 

effect. In all models, time to lower the temperature from 0 to -20°C was the dependent 

variable and the level of significance (p) was set at 5% (p<0.05). No statistical analysis was 

done on the experiments with the multiprobe setup since the performance in a multiprobe 

setup cannot be compared to a single probe using our definition of performance.
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figure 2 Experimental setups 

A. Top view of the experimental setup for the experiments in cups (Ø 9cm) of agar and ultrasound gel. All 
performance measurements were done by 4 regular thermosensors (white circles; T1 to T4) a 3 mm distance 
and 0, 90, 180, and 270 degrees from the cryoprobe (black circle). 
B. Top view of the setup of the experiments with the bare thermosensors (bT1 and bT2; fixed to 2 sides of 
a Plexiglas box (10x10x10 cm)); the measuring points (indicated by the x) are at 3 mm from the cryoprobe 
(black circle). 
C. Top view of the multiprobe setup; four cryoprobes (black circles) at 1.25 cm distance from each other, 4 
thermosensors (T1 to T4, white circles) in between, and 1 thermosensor in the centre of this configuration. 

resulTs

Figure 3 shows the performances of the tested cryoprobes (C1 to C8) with a mean and 

a standard deviation (SD; represented by the error bars) during each freeze cycle (Roman 

numbers I to VI). Consecutively, performance in agar, in gel, using bare thermosensors, 

and in a multiprobe setup is shown.

The SDs of the first two sets of experiments (C1 to C8 in agar and C1 to C4 in ultrasound 

gel) were calculated from the measurements of the four different thermosensors around 

one cryoprobe. The mean of these four values was considered the performance of 

the cryoprobe during one freeze cycle; this value was used to compare different freeze 

cycles and different cryoprobes. The mean value and SDs of the experiments with the 

bare thermosensors are composed of two measurements (namely of the two bare 

thermosensors) per freeze cycle. In the multiprobe setup the mean and SDs are composed 

of the four thermosensor measurements between the 4 cryoprobes (excluding the central 

thermosensor).

The data of two freeze cycles are missing in figure 3. During the first freeze cycle of C2 

in agar, it did not reach -20°C as measured by three of the four thermosensors; after 700 

seconds freezing was stopped (temperature lingering around -18°C). Before the next freeze 

cycle C2 was reconnected to the SeedNet and temperatures reached -20°C again. Possibly, 



28

Chapter 2

there was a bend in the tubing of C2 during the first freeze cycle, since this will affect argon 

delivery to the cryoprobe and hence its performance. During the second freeze cycle of C8 

in agar, the pressure in the argon cylinder had become lower than 230 bar, so we replaced 

the cylinder and excluded the data from this freeze cycle.

Figure 3 shows that there was not a clear trend in the performance of the eight 

cryoprobes tested in agar; there was no clear improvement of worsening of performance 

during the consecutive, but independent, freeze cycles. Between the freeze cycles of the 

individual cryoprobes there was no statistically significant difference, i.e. there was no 

intraneedle variation (p=0.311). The mean performances (± SD) in agar of the individual 

cryoprobes are shown in table I; this was calculated from the different freeze cycles of 

each cryoprobe. Statistical analyses shows there was a significant difference between the 

performances of the different cryoprobes, i.e. there was an interneedle variation (p = 0.017). 

The freezing medium had a statistically significant effect on performance; the mean 

performance in gel was 1.8 times faster than in agar (p < 0.001). Furthermore, also in gel 

there was an interneedle variation (p = 0.028), but no intraneedle variation (p = 0.399). See 

table II for the mean performances of C1 to C4 in gel.

Both in agar and gel there was a statistically significant difference between the 4 regular 

thermosensors in measuring single cryoprobe performance (p < 0.001). Mean cryoprobe 

performance in gel as measured by two bare thermosensors was 28.8; ± 4.8 seconds a 

factor 2.7 faster compared to the performance measurements by regular thermosensors 

(p < 0.001). Looking at figure 3, there is also more variation in cryoprobe performance in 

agar than in gel.

Four cryoprobes in a square configuration froze agar from 0 to -20 degrees in 

103.9 ± 1.4 seconds, and ultrasound gel in 69.1 ± 0.1 seconds as measured by the four 

thermosensors (fig. 4). The central thermosensor also reached -20°C in all experiments. 

The variation between the thermosensor measurements was less than those in the single 

probe experiments in agar and gel. Also, although the multiprobe setup was only tested 

three times in agar and the twice in gel, the reproducibility of the multiprobe-performance 

seems to be less variable than in the single probe setup.
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Table i Mean performance in agar

Cryoprobe no. of freeze cycles
mean performance ± sD (sec) 

per cryoprobe 

C1 6 137.6  ±  13.0

C2 5 153.9  ±  34.3

C3 6 159.8  ±  16.3

C4 6 125.9  ±  15.9

C5 6 132.3  ±  18.8

C6 6 122.2  ±  28.3

C7 6 135.9  ±  26.5

C8 5 165.6  ±  28.1

overall mean performance (± sD) of C1 to C8 141.7 ± 16.1

For cryoprobes C1 to C8 the number of freeze cycles and their mean performance ± the standard deviation 
(SD) in agar are listed. The overall mean performance ±SD in agar is listed in bold numbers. 

Table ii Mean performance in ultrasound gel

Cryoprobe no. of freeze cycles
mean performance ± sD (sec) 

per cryoprobe

C1 4 69.5 ± 7.7

C2 4 81.5 ± 5.9

C3 4 81.1 ± 2.7

C4 4 75.8 ± 2.3

overall mean performance (± sD) of C1 to C4 77.0 ± 5.6

For cryoprobe C1 to C4 the number of freeze cycles and their mean performance ± SD in ultrasound gel are 
listed. The overall mean performance ± SD in gel is listed in bold numbers. 

DisCussion

To our knowledge, this is the first study whereby the performance of cryoprobes is 

measured using four thermosensors at the same distance from the cryoprobe. In this way, 

both measuring variations of the thermosensors and freezing variations of the cryoprobes 

can be analysed. Cryoprobe performance can be defined by many parameters, e.g. iceball 

size, freeze rate, and end temperature reached. In our definition two important variables 

for cryoablation are included, namely freeze rate and the end-temperature of -20°C (the 

minimal ‘lethal’ temperature). Figure 4 shows two examples of temperature curves from 

our experiments and how performance is calculated.  
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figure 4 Temperature curves in agar and gel

The black and white curves represent the temperature measurements of the 4 thermosensors (T1 to T4) 
during the median freeze cycle of the experiments in agar (freeze cycle VI of C8) and ultrasound gel (freeze 
cycle I of C2) respectively. The red arrow represents the time it takes to lower the temperature from 0 to 
-20°C as measured by T1 in gel (i.e. 56.6 sec.). Together with the measurements of T2, T3 and T4 in gel, the 
cryoprobe performance during one freeze cycle was calculated. 

In renal cryosurgery usually two freeze cycles of approximately 10 minutes are 

recommended. Our results show that one cryoprobe will deliver a reproducible 

performance during each freeze cycle. However, between different cryoprobes there is a 

statistically significant variation in performance, both in agar and gel. 

But how do these interneedle variations translate to the clinical situation? We 

hypothesize that in vivo the variations caused by the tissue itself, e.g. by the heterogeneous 

aspect of renal tissue and its vascularity, are probably larger than those caused by the 

intrinsic interneedle variations found in our experiments. This is confirmed by a recent 

study showing that during renal cryoablation the temperatures reached on the polar side 

of the cryolesion are 20 degrees colder than on the hilar side of the cryolesion, also leading 

to a different amount of cell kill [18].
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Interestingly, the mean performance of the cryoprobes in gel was 1.8 times faster than 

in agar. This is probably mostly due to differences in the physical characteristics of agar and 

gel such as heat capacity and conduction. This can also account for the differences seen in 

variation in performance (the variation is larger in agar than in gel), although differences in 

freeze rate as seen in the different mediums will also affect the temperature measurements. 

This means that caution is advised when extrapolating in vitro data about isotherms, 

iceball size and cryoprobe performance to the clinical situation; our experiments show 

that differences in mediums can significantly alter these endpoints. A recent in vivo study 

shows that different sized cryolesions develop in different tissues while using the same 

ablation protocol [19], in accordance with our data.

Theoretically, in a homogeneous medium like agar or gel, the four thermosensors 

should measure the same performance during one freeze cycle. However, our results 

show that during the freeze cycles in both agar and gel, there was a statistically significant 

variation between the 4 thermosensors in measuring performance of a single cryoprobe. 

There are several possible explanations. A variable that will influence the measured 

temperature and plays an important role when analysing the performance of cryoprobes 

is the distance of the thermocouple to the cryoprobe. Gage et al showed that only a 1 

mm variation in thermocouple placement in tissue results in a 10 to 15 degrees difference 

in temperature recorded [20]. Using a customized template we tried to minimize 

these variations in location; we estimate the placement error is < 0.1mm. Variations in 

temperature measurement increase with the increase of cryoprobe cooling rate, especially 

at short distances from the cryoprobe [21]. So the high freezing rate in our experiments 

and the short distance to the cryoprobe is probably prone to a larger measuring variation 

than when the thermosensors would have been placed further away. Incidentally, since 

there was such a striking difference between the thermosensor that measured the fastest 

and the one that measured the slowest cryoprobe performance we tested the influence of 

their position in the template by switching their position (in additional testing, data not 

shown). The ‘fastest’ thermosensor remained the fastest and the ‘slowest’ remained the 

slowest, which can be explained by intrinsic measuring variations between the different 

thermosensors, which also have to be taken into account. The dominant effect that is 

involved in the variation between the thermosensor can not clearly be extrapolated from 

our data, but will be subject of further investigations.

The metal casings of the thermosensors also influence temperature measurements 

[21]. The thermal conductivity of the thermocouple is higher than that of the surrounding 

material or tissue, which causes the thermocouple to conduct heat from warmer to colder 

areas. Thus, the measured temperature differs from the temperature that would have 

existed at that location in the absence of the thermocouple. This difference is greatest 
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at the tip of the thermocouple, and decreases with the increase of its distance to the 

cryoprobe and with the decrease of its diameter [21]. Incidentally, the influence of the 

regular thermosensors was not that marked that the shape of the iceball was altered (see 

figure 5).

figure 5 The development of an iceball in ultrasound gel.

The iceball completely engulfs the cryoprobe and the four thermosensors around it; its shape is not markedly 
distorted by the presence of the thermosensors.

All these factors will influence temperature measurements and therefore, regular 

thermosensors will probably underestimate the real performance of cryoprobes. This 

is confirmed by our results using bare thermosensors; the mean performance of the 

cryoprobes in gel was 2.7 times better when measured with the bare thermosensors 

compared to the regular thermosensors. 

Theoretically, bare thermosensors can also be used in the clinical setting if an 

accurate temperature measurement is desired. However, this does not seem necessary 

for several reasons. Firstly, in the clinical setting thermosensors are placed further away 

from the cryoprobes than 3 mm. Freeze rate at this distance will be lower and temperature 

measurements are less prone to the variation than seen in our experiments. Secondly, 

the placement of the probes and thermosensors in the clinical setting is usually done 

without the use of a template, so the influence of ‘placement errors’ will be much greater. 

These uncertainties, together with external factors that will influence temperature 

measurements such as tissue characteristics, the heat sink effect due to nearby blood 

vessels (i.e. the warm blood flow influencing freezing temperatures) and the inaccuracy 

with which the exact tumour margin can be assessed, make the measuring errors due to 

the use of thermosensors negligible and probably clinically insignificant. 

In the clinical setting, the use of a single 17-gauge cryoprobe to ablate a tumour is 

extremely rare; they are usually used in a multiprobe configuration whereby the individual 

iceballs merge into one. Of course the multiprobe performance measurements in our 
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experiments are not directly comparable to the single cryoprobe performance. However, 

when looking at figure 3, the thermosensor measurements are much more homogeneous 

in the multiprobe setup (i.e. the SDs are smaller). Although the larger distance between 

the thermosensors and the cryoprobe compared to the single probe setup will also account 

for part of this effect, it seems that the iceball in a multiprobe setup is more uniformly 

cold. This has also been found by others for 3-mm cryoprobes [16]. In addition, the 

reproducibility of the performance during consecutive freeze cycles seems to be better 

than for a single 17-gauge cryoprobe. Although the optimal distance between cryoprobes 

to form ‘the perfect iceball’ in vivo has never been investigated as far as we know, our 

findings support multiple in stead of single cryoprobe use in the clinical setting. 

ConClusion

In this in vitro study there was no statistically significant variation between different 

freeze cycles of individual 17 gauge cryoprobes, although performances between different 

cryoprobes did show a statistically significant variation. Most probably these variations are 

not clinically significant. 

Performance of single cryoprobes differed depending on the medium being frozen, 

the performance in ultrasound gel being significantly better than in agar. This means that 

one has to be cautious with extrapolating in vitro studies to the clinical situation. 

The measured cryoprobe performance is underestimated by regular thermosensors; 

using bare thermosensors performance is significantly better.  In addition, there was a 

statistically significant variation between the measurements of regular thermosensors, 

although we speculate this variation is also not clinically relevant.

In a multiprobe configuration the ‘overall’ performance seems to be more 

homogeneous and the reproducibility during consecutive freeze cycles seems to be better 

than for a single cryoprobe, pleading for a multiprobe setup of 17-gauge cryoprobes in the 

clinical setup.
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Purpose 

To present a procedural analysis of the cryoablations performed in our department for 

small renal tumours and to try to identify clinical parameters or factors that influence the 

freezing rate during the procedure.

Patients and methods 

We collected all data from the procedures performed in our department until August 

2007. Based on the intraoperative biopsy result, we grouped the cases in two groups: 

renal-cell carcinoma (RCC) and benign. We calculated the freezing rate in both groups and 

compared them. Finally, we performed a univariate and multivariate analysis to identify 

clinical parameters that significantly influence the freezing rate.

results

A total of 70 cryoablations of small renal tumours in 67 patients were performed during 

this period. From these, 56 procedures met the inclusion criteria and were analyzed further. 

The RCC group consisted of 48 cases (39 RCC and 9 lesions with a nondiagnostic biopsy) 

while 8 formed the benign group. There was no difference in the freezing rate between 

these two groups. Preoperative creatinine levels above 120 IU, diabetes mellitus, American 

Society of Anaesthesiologists score 3, and location of the tumour at the lower pole were 

found to increase the freezing rate. The only factor that significantly decreased the freezing 

rate was the presence of chronic obstructive pulmonary disease. The multivariate analysis 

showed that the location of the tumour and diabetes mellitus influence more significantly 

the temperature v time graph.

Conclusions

The freezing rate during cryotherapy of small renal tumours is significantly influenced by 

various clinical factors, while there are no differences in the freezing rate of those proven 

small malignant tumours and the small benign lesions.
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inTroDuCTion

Advances in imaging modalities and their routine use in clinical practice have led to 

a significant increase in the incidental detection of small renal tumours [1]. The greatest 

incidence of these renal masses occurs in patients older than 70 years [2], in whom multiple 

comorbidities may preclude major surgery. 

Minimally invasive nephron-sparing procedures, such as laparoscopic partial 

nephrectomy, and various energy-driven ablative procedures aim to reduce operative 

morbidity and achieve comparable cancer control. Given that laparoscopic partial 

nephrectomy is technically demanding with a long learning curve, interest has been 

shown in other minimally invasive procedures. Among the various renal-ablative 

procedures, cryotherapy is one of the best studied and clinically tested, with short-term 

and intermediate-term data supporting its safety and efficacy in the management of small 

localized renal tumours [3].

The pathophysiologic mechanisms of cellular destruction caused by cryotherapy in 

different time phases have been and still are a field of study [4,5]. Experimental renal series 

and most large clinical series in humans show that destruction is ensured by achieving 

cytotoxic freezing temperatures of -40°C [6], with a double freeze–thaw cycle and 1 to 3.1 

cm ice-ball extension beyond the tumour margin [7-9]. Factors that may influence the 

freezing rate during cryotherapy, however, have not been investigated.

The aim of this study is to present a procedural analysis of the cryoablations performed 

in our department for small renal tumours and to try to identify clinical parameters or 

factors that influence the freezing rate during the procedure.

Patients and methods

Clinical data of all patients who underwent cryoablation for small renal tumours in 

our department from September 2003 until August 2007 were prospectively collected and

evaluated. In addition, procedural data were collected for each case and were analyzed 

further. Only laparoscopic (transperitoneal or retroperitoneal) cryoablations with at least 

one thermosensor placed central into the tumour were included in this study, while open 

cryoablations were excluded. Other exclusion criteria were incomplete procedural data, 

cases with additional cryoneedle placement or changes (in the position of cryoneedles 

during the procedure) the use of IceRods™ for freezing, and evidence of persistent/

recurrent tumour on imaging follow-up until August 2007. 

Depending on the histologic findings from the intraoperative tumour biopsies 

performed, two groups were formed: group 1, including those with documented renal-cell 

carcinoma (RCC) or those with a nondiagnostic biopsy finding, and group 2, including 

those with benign documented lesions (oncocytomas or angiomyolipomas [AMLs]).
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Statistical method

Descriptive statistics were performed for all cases in both freezing phases of the 

procedure to show duration of freezing in minutes, and mean and median temperatures 

reached in the centre of the tumour and at the peripheral thermocouple.

The first freezing phase was selected for further analysis because the initial temperature 

during this phase was expected to be the same in all the cases (normal body temperature 

was considered 36°C). 

The cumulative rate of temperature decrease for the first freezing phase was shown 

by drawing a summary curve for each pair of variables (time, temperature). This was done 

with a scatter plot of time against temperature with standardized measures of initial 

temperature at 36°C and time when temperature reached -20°C, -40°C and -70°C. 

Comparison was made between the two groups (RCC= nondiagnostic and benign 

lesions) for statistical difference (p<0.05). Further analysis was then performed only for 

the RCC group. 

Thirteen different variables that were considered as independent influence factors 

for the relationship temperature υ time were first checked in a univariate linear regression 

analysis. Statistical analysis was based on the slope coefficient of the regression line using 

the 5% as level of significance. These variables were: age in years (≤59, 60–79, ≥80), sex 

(male, female), side of tumour (right, left), location of tumour (upper pole, lower pole, 

interpolar), size of tumour in cm of largest dimension (≤1.9, 2.0–2.9, ≥3.0), preoperative 

creatinine level in IU (≤79, 80–119, ≥120), American Society of Anaesthesiologists (ASA) 

score, presence of monokidney (yes, no), presence of cardiopathy (yes, no), diabetes mellitus 

(yes, no), chronic obstructive pulmonary disease (COPD) (yes, no), use of anticoagulants 

(yes, no), and presence of hypertension (yes, no).

The influence of the possible determinants was also tested in a multivariate regression 

model. The test that there is linear relationship in the study group between the dependent 

variable (temperature) and the independent variables is based on the ratio of the regression 

mean square to the residual mean square, known as overall regression F test. All statistical 

analysis was done with the SPSS™ (version 12.0) software package.

resulTs

A total of 70 cryoablations of small renal tumours in 67 patients were performed 

during this period. From these, 56 procedures met the inclusion criteria and were analyzed 

further. A transperitoneal approach was performed in 44 cases, and 12 were performed 

retroperitoneoscopically. Group 1 consisted of 48 cases (39 RCC and 9 lesions with a 

nondiagnostic biopsy finding). Group 2 consisted of 8 benign lesions (7 oncocytomas and 

1 AML). Mean number of needles was 5.3 (range 3–8).



43

3

The procedural characteristics of the two freezing phases for group 1 are shown in 

Table 1. The mean duration of the first freezing cycle was larger (8.84 min) than for the 

second, but the temperatures reached in the central thermocouples were almost the same 

for both freezing cycles (mean values of -58.78C and -57.958C, respectively, and median 

value of -70°C for both). The temperatures reached at the periphery of the tumours 

were higher than the central ones, with the second freezing cycle having relatively lower 

nadirs (median of -41.00°C υ -35.50°C in second and first cycle, respectively). Procedural 

characteristics of the two freezing-thaw cycles for benign lesions are displayed in Table 2.

The overall rates of the temperature decrease in the freezing phase of the first freezing 

cycle for both groups are shown in Figure 1. Looking only at the graph of the RCC group, 

we see that the rate of temperature decrease is larger until it reaches -40°C (steeper slope 

of the curve), and then the decrease continues in a smaller rate. When comparing both 

curves, the graph indicates that the rate of the temperature decrease for the RCC group 

is larger until it reaches -20°C, but afterward it becomes larger for the benign group. The 

difference, however, is not statistically significant (p>0.05). The smoother (local linear 

regression) is selected, using Normal kernel with the same bandwidth multipliers. 

Independent factors that were found to influence the rate of temperature decrease 

for the RCC group are shown in the univariate analysis (Table 3). Of these, preoperative 

creatinine levels above 120 IU, diabetes mellitus, ASA score 3, and location of the tumour 

at the lower pole are shown to increase the freezing rate (significantly larger negative slope 

coefficient). The only factor found that significantly decreases the freezing rate is the 

presence of COPD. 

In the multivariate analysis (Table 4), however, it is shown that the location of 

the tumour and diabetes mellitus contribute more significantly to the multiple linear 

regression model and influence the temperature v time graph, because they have a 

statistically significant larger absolute standardized coefficient. In this analysis, F was 

measured 26.204.

Table 1 Group 1 (RCC and non diagnostic lesions) characteristics of the first and second freezing cycles

Duration  
1st freezing 
cycle (min)

Central  
temperature  
1st cycle (ºC)

Peripheral 
temperature  
1st cycle (ºC)

Duration  
2nd freezing 
cycle (min)

Central  
temperature  
2nd cycle(ºC)

Peripheral 
temperature 
2nd cycle (ºC)

n
Valid 48 48 44 48 48 44

Missing 0 0 4 0 0 4

mean 8,84 -58,07 -34,17 7,49 -57,95 -36,93

median 10,00 -70,00 -35,50 7,00 -70,0 -41,000

std. Deviation 2,19 19,14 21,30 2,49 18,53 20,96
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Table 2 Characteristics of the first and second freezing cycles in group 2 (benign lesions)

Duration  
1st freezing  
cycle (min)

Central  
temperature  
1st cycle (ºC)

Peripheral  
temperature  
1st cycle (ºC)

Duration  
2nd freezing  
cycle (min)

Central  
temperature  
2nd cycle(ºC)

Peripheral  
temperature  
2nd cycle (ºC)

N
Valid 8 8 6 8 8 6

Missing 0 0 2 0 0 2

Mean 9.21 -62.14 -15.00 8.92 -59.83 -15.50

Median 9.85 -70,00 -10,50 6.90 -66.50 -12.50

Std. Deviation 3,21 14,32 17,64 3,79 12,45 23,17

figure 1 Temperature (oC) decline during the first freezing phase with time (min) for the RCC group and 
benign group. 

The slope of the curve for the RCC group seems steeper until it reaches -20 oC, but after -20 oC it is steeper 
for the benign group. The difference, however, is not statistically significant (p>0.05). The smoother (local 
linear regression) is selected, using Normal kernel with the same bandwidth multipliers. 
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Table 3 Univariate analysis for independent influence factors

slope coefficient (±95% Ci)

study group’s temperature decline rate -14.721    -16.304, -13.138)

independent Clinical factors n

Age (years)                     ≤59                     14 -14.628    (-17.817, -11.438)

                                         60-79                   29 -14.926    (-16.903, -12.949)

                                         ≥80                      5 -13.823    (-17.914, -9.732)

Gender                           Male                   31 -15.686    (-17.777, -13.591)

                                         Female                  17 -13.562    (-16.054, -11.070)

Side of tumour             Right                    23 -14.674    (-16.797, -12.554)

                                         Left                    25 -14.888    (-17.220, -12.556)

Location of tumour    Interpolar                 22 -13.769    (-15.808, -11.731)

                                         Lower pole             14 -18.208*    (-21.520, -14.839)

                                         Upper pole             12 -14.716    (-18.065, -11.367)

Size of tumour (cm)     ≤1.9                    10 -13.997    (-17.883, -10.112)

                                         2.0-2.9                  19 -16.173    (-19.020, -13.326)

                                          ≥3.0                    19 -14.387    (-16.610, -12.163)

Preop. Creatinine         ≤79                     27 -14.514    (-16.977, -12.050)

        (IU)                           80-119                  16 -14.568    (-16.843, -12.294) 

                                          ≥120                    5 -18.559*    (-21.903, -15.294)

ASA score                       1                        7 -13.584    (-17.468, -9.700)

                                         2                      23 -13.690    (-16.058, -11.322)

                                         3                      18 -17.638*    (-20.406, -14.870)

Monokidney                 No                     45 -14.705    (-16.406, -13.003)

                                         Yes                      3 -16.057    (-19.897, -12.217)

Cardiopathy                  No                     32 -14.304    (-16.447, -12.160)

                                         Yes                    16 -15.477    (-17.807, -13.148)

Diabetes mellitus        No                     45 -14.664    (-16.230, -13.009)

                                         Yes                      3 -39.470*    (-40.450, -38.490)

COPD                            No                     44 -14.967    (-16.570, -13.364)

                                        Yes                      4 -12.539*    (-15.765, -9.312)

Anti-coagulants          No                     38 -14.789    (-16.612, -12.966)

                                        Yes                    10 -14.520    (-17.806, -11.233)

Hypertension              No                     37 -14.360    (-16.208, -12.512)

                                        Yes                    11 -15.960    (-18.205, -13.640)

CI = confidence interval; ASA= American Society of Anaesthesiologists; COPD= Chronic Obstructive 
Pulmonary Disease
* Significant influence on freezing rate 
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Table 4 Multivariate analysis of factors influencing freezing phase

Unstandardized 
Coefficients

Standardized 
Coefficients

95% Confidence  
Interval for B

Collinearity  
Statistics

 B Beta Lower Bound
Upper 
Bound Tolerance VIF

(Constant) 61,106 12,878 109,335

Time -15,528 -,890 -17,151 -13,906 ,929 1,076

Gender -,007 -9,207 8,118 ,712 1,404-,544

Side -9,209 -,118 -18,292 1,126 ,593 1,687

Location -9,930 -,209* -15,855 -4,004 ,517 1,934

Tumour size 3,421 ,068 -2,547 9,390 ,564 1,772

Age 7,742 ,121 -,508 15,992 ,487 2,054

Creatinine -6,732 -,105 -14,735 1,271 ,511 1,957

ASA -3,778 -,070 -10,838 3,282 ,470 2,129

Monokidney 6,160 ,044 -9,030 21,350 ,693 1,443

Cardiopathy -3,702 -,046 -14,229 6,825 ,461 2,168

Diabetes -37,397 -,183* -61,380 -13,413 ,583 1,715

COPD 7,765 ,063 -7,072 22,603 ,551 1,816

Anticoag 9,395 ,096 -2,704 21,495 ,526 1,900

Hypertension 8,903 ,101 -1,478 19,284 ,579 1,726

VIF = variance inflation factor; ASA = American Society of Anaesthesiologist; COPD = chronic obstructive 
disease
*Statistically significant

DisCussion

There is a paucity of data regarding the actual freezing rate during cryoablation of 

small renal masses. In this study, we aimed to define clinical factors that may influence the 

freezing rate during the cryoablation of small renal tumours. On a theoretical basis, this 

could provide a better understanding of tumour biologic behaviour and cellular reaction 

under freezing as well as identify conditions that could optimize tumour necrosis. 

Although nadir temperatures were available for both freezing cycles and for both 

central and peripheral thermosensors, we selected to analyze the first freezing cycle of 

the cryoablation to provide more homogeneity to our study group. In this cycle, the initial 

temperature can be considered the same for all cases (body temperature), while empirically 

we knew that the initial temperature of the second phase varies from case to case. In fact, 

there was a variation in the baseline temperature at which the second cycle was initiated 

corresponding to the clinical variation inherent to this type of procedures. In addition, 
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we used the measurements of the central thermocouple to avoid any bias caused from 

possible variations in the distance tumour margin–thermocouple that do exist when 

using the peripheral ones (even though our effort was always to keep 0.5 cm distance from 

tumour margin). Furthermore, because the initial goal in this peripheral sensor was to 

achieve at least a temperature of -20°C, no other end point temperatures were defined for 

this thermosensor, precluding the drawing of a freezing curve. 

Tumours were divided according to histopathologic results to determine possible 

differences in the freezing rate. Because the rate of false negative may be high in those 

tumours [10] and malignancy cannot be excluded, we analyzed those with a nondiagnostic 

biopsy finding together with the proven RCCs. 

During the first freezing cycle, adequate temperatures compatible with cellular 

necrosis were achieved in the centre of the tumours after 5 minutes of freezing and in all 

cases within 10 minutes of freezing. Similar temperatures were achieved during the second 

freezing cycle but, as expected, more rapidly. Freezing rates in the centre of the tumour 

were similar irrespective of the histopathology of the lesion. A consistent lower freezing 

rate was found in the periphery of the benign masses. These data, however, should be 

regarded with caution; the number of benign masses was small and slight variations in the 

position of the peripheral thermosensor could lead to a considerably lower freezing rate, 

because the isotherms dramatically vary with increasing distance from the thin IceSeeds™.

The univariate analysis showed a number of factors that increase the freezing rate. 

Most of them, including the higher baseline creatinine level, the ASA 3, and the presence 

of diabetes mellitus, are consistent with a decreased vascular perfusion in the kidney and 

could entail a lower heat sinking effect and more rapid achievement of lower temperatures. 

In the univariate analysis, COPD had a negative effect on the freezing rate. There is no 

direct pathophysiologic explanation for this. 

When tested in a multivariate analysis, our findings suggest that diabetes mellitus and 

the location of the tumour in the lower pole are the most powerful factors that influence 

the rate of temperature decrease by accelerating the freezing process. While the influence 

of diabetes seems logical because of the changes in the renal microvasculature inherent 

to this illness, the reason why tumours of the lower pole have a more rapid freezing rate 

is less clear. In spite of the fact that polar arteries are more frequently encountered in the 

upper pole, there is no evidence that differences exist in the vascularisation of both renal 

poles. 

Because the exophytic percentage of the tumours was not included in our analysis, we 

cannot rule out that the anatomic characteristics of the tumours with respect to the renal 

parenchyma (exophytic or endophytic) may be responsible for differences in the freezing 

rate related to the tumour location. 
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Our analysis also shows that the freezing rate does not depend on the size of the 

tumour, which could be explained by the use of the proper number of cryoneedles and 

their correct placement. The independent clinical factor in the univariate-multivariate 

analysis that has the greatest influence and more than doubles the freezing rate is diabetes 

mellitus. 

There are, however, some limitations in our study. First, there is a relatively small 

number of cases for the relatively high number of clinical risk factors investigated in our 

study. This can underpower the present study or cause a possible bias in the analysis. 

Second, the possibility remains that a different statistical method, such as logistic 

regression analysis, could have led to different results. Although the curve of the plot in 

the temperature decrease graph is not a straight line, it is not too far from being linear, 

while in our linear regression analysis the F was measured 26.204, showing that there is 

linear statistical relationship between temperature and the 14 evaluated factors. In support 

of this, that the largest variance inflation factor in Table 4 is 2.168, indicating an accepted 

multiple linear model.

ConClusions 

The present study shows that the freezing rate during cryoablation of small renal 

tumours is influenced positively or negatively by various clinical factors. Preoperative 

creatinine levels above 120 IU, ASA score 3, diabetes mellitus, and location of the tumour 

at the lower pole are shown to increase the freezing rate (significantly larger negative 

slope coefficient) in the univariate analysis. The only factor that significantly decreases the 

freezing rate is the presence of COPD. Diabetes mellitus and location of the tumour show 

also statistically significant influence in the multivariate analysis. There are no differences 

in the freezing rate of those proven small malignant tumours and the small benign lesions.



49

3

referenCes 

1. Luciani LG, Cestari R, Tallarigo C. Inci-
dental renal cell carcinoma—age and stage 
characterization and clinical implications 
study of 1092 patients (1982-1997). Urology 
2000; 56: 58-62

2. Chow WH, Devesa SS, Warren JL, Fraumeni 
JF Jr. Rising incidence of renal cell cancer in 
the United States. JAMA 1999; 281: 1628-31

3. Kaouk JH, Aron M, Rewcastle JC, Gill IS. 
Cryotherapy: Clinical end points and their 
experimental foundations. Urology 2006; 
68(suppl 1): 38-44

4. Lin CH, Moinzadeh A, Ramani AP, Gill IS. 
Histopathologic confirmation of complete 
cancer-cell kill in excised specimens after 
renal cryotherapy. Urology 2004; 64: 590.
e22-590.e23

5. Baust JB, Gage AA. The molecular basis of 
cryosurgery. BJU Int 2005; 95: 1187-91

6. Johnson DB, Nakada SY. Cryosurgery and 
needle ablation of renal lesions. J Endourol 
2001; 15: 361-76

7. Gill IS, Remer EM, Hasan WA, et al. Renal 
cryoablation: Outcome at 3 years. J Urol 
2005; 173: 1903-7

8. Campbell SC, Krishnamurthi V, Chow G, 
Hale J, Myles J, Novick AC. Renal cryosur-
gery: Experimental evaluation of treatment 
parameters. Urology 1998; 52: 29-34

9. Davol PE, Fulmer BR, Rukstalis DB. Long-
term results of cyoablation for renal cancer 
and complex renal masses. Urology 2006; 
68(suppl 1): 2-6

10. Kummerlin I, ten Kate F, Smedts F, Horn 
T, et al. Core biopsies of renal tumours: A 
study on diagnostic accuracy, interobserv-
er, and intraobserver variability. Eur Urol 

2008; 53: 1219-25





Chapter 4
Are there parameters that predict a non-diagnostic biopsy 
outcome taken during laparoscopic assisted cryoablation of 
small renal tumours?

Kurdo Barwari*

Patricia WT Beemster*

Miki N Hew

Hessel Wijkstra

Jean JMCH de la Rosette

M Pilar Laguna

* these two authors contributed equally to this manuscript.

Dept. of Urology, Academic Medical Center University of Amsterdam, Amsterdam, the Netherlands

Journal of Endourology 2011: 25 (9); DOI 10.1089/end.2010.0693



52

Chapter 4

aBsTraCT

introduction

The histopathological diagnosis of small renal mass (SRM) treated with cryoablation relies 

on pre- or intraoperative biopsies. Since a considerable number of these SRM are benign, 

accurate diagnosis has prognostic and follow-up implications. Main problem in SRM is the 

high rate of non-diagnostic biopsies. 

Purpose 

To assess whether certain tumour and biopsy characteristics are correlated with a 

diagnostic biopsy outcome.

methods 

One hundred tumours smaller than 4.5 cm in 94 patients were treated with laparoscopic 

cryoablation. After dissection of the perirenal fat and identification of the tumour by intra-

abdominal ultrasound, one or more biopsies were obtained before freezing. Using the 

Student-t/Mann Whitney U-test the following parameters were evaluated for predicting 

biopsy outcome: tumour size, location and exophytic part of the tumour, size of the biopsy 

needle, the number of biopsies taken and presence of non-enhancing areas compatible 

with necrosis inside the tumours. Correlations among parameters were assessed using a 

Spearman correlation or Kruskal-Wallis test.

results

22 biopsies (22%) were non-diagnostic and consisted of normal kidney tissue, connective 

tissue, fat, fibrosis, necrosis and/or blood. There were no significant differences in 

parameters between the diagnostic and non-diagnostic group. There was a positive 

correlation between tumour size and number of biopsies (p=0.029) and between the 

presence of non-enhancing areas and both size (p<0.001) and the number of biopsies taken 

(p<0.001).

Conclusion 

No statistical significant correlation was found between biopsy outcome and tumour- or 

biopsy characteristics. More biopsies were taken in larger tumours, and larger tumours 

contained more non-enhancing areas suspect for necrosis.
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inTroDuCTion

Renal cryosurgery is a treatment option for small renal masses (SRM) in which the 

tumour is ablated in situ by lethal freezing injury. Consequently, there is no surgical 

specimen for pathological examination and therefore the histopathological diagnosis 

relies exclusively on biopsies. A large study has shown that 23% of operated renal tumours 

smaller than 4 cm turn out to be benign and even when cancer is present in these tumours 

a considerable percentage is of low grade [1]. Preoperative diagnosis can be obtained by 

performing a percutaneous core biopsy or fine needle aspiration, however concerns about 

e.g. the accuracy have prevented their routine use [2-4]. Of percutaneous core biopsies 

up to 21% are non-diagnostic4, and reports on intra-operative biopsies taken before 

cryoablation show a similar range of non-diagnostic biopsy outcome [5-8]. Non-diagnostic 

biopsies are usually due to either an insufficient amount of tissue or erroneous sampling 

of necrotic/fibrotic areas or normal kidney tissue [4]. 

Since determination of treatment success after cryoablation is mainly based on cross-

sectional imaging, obtaining a histopathological diagnosis should be warranted in order to 

withhold patients with a benign tumour from an intense follow up. Moreover it has been 

demonstrated that a vast amount of non-diagnostic biopsies appears to be false negative in 

small renal mass [9]. This study evaluated whether tumour and biopsy characteristics can 

predict biopsy outcome in a series of patients treated with laparoscopic renal cryoablation 

in our centre. 

meThoDs

We identified consecutive patients treated with laparoscopic cryoablation between 

July 2004 and May 2010 for one or more solid enhancing SRM that underwent an 

intraoperative biopsy prior to freezing. The cryoablation was done using a 3rd generation 

argon-based system with 1.47 mm (17G) cryoprobes (type SeedNet® or IceRods®, Seednet 

Gold System™, Galil, Tel Aviv, Israel).   

After mobilization of the kidney and dissection of the peritumoural fat, real-time 

laparoscopic ultrasound (US) was used to identify and measure the size of the tumour. 

Percutaneous biopsies were taken under laparoscopic vision using a 16 or 18 gauge core 

biopsy system (18G Topnotch™ and TruPath™, Boston Scientific, USA and 16G Quick-Core® 

Biopsy Needle, Cook Medical, Denmark) without the use of a guiding sheath. To ensure 

an accurate position of the needle the tumour was first penetrated for 1 or 2 mm before 

the biopsy gun was fired. The number of biopsies taken was determined by the number 

of shots needed to obtain a proper core of tissue as identified visually by the surgeon. All 
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biopsies were fixed in formalin, embedded in paraffin and stained using haematoxylin and 

eosin (H&E). All biopsies were viewed and multidisciplinary discussed by specialized GU-

pathologists. 

Pathology reports were retrieved from the hospital computer system and results were 

marked in a database as either diagnostic or non-diagnostic. Biopsies were considered 

diagnostic when a definitive diagnosis of benign or malignant tumour was possible. A 

biopsy was considered non-diagnostic if no tumour cells were present in the biopsy tissue, 

or insufficient tumour cells were present to differentiate between a benign and malignant 

tumour. The histopathological diagnosis was determined according to the WHO 2004 

classification [10]. If necessary, additional immunohistochemical staining was done at the 

discretion of the pathologist. 

The following tumour and biopsy characteristics were evaluated for their influence 

on biopsy outcome: 

1. Tumour size; the maximum diameter as measured on preoperative computerized 

tomography (CT) or magnetic resonance imaging (MRI).

2. The exophytic part of the tumour; the percentage tumour protruding outside the 

surface of the kidney as measured on CT or MRI.

3. Tumour location; the location of the tumour epicentre was recorded as upper, middle 

or lower pole of the kidney, assessed on the preoperative CT or MRI.

4. The presence of non-enhancing areas compatible with necrosis inside the tumours on 

preoperative CT or MRI (categorised as present of absent).  

5. The number of biopsies taken (i.e. number of shots, see above).

6. The size of the biopsy needle (16 or 18 gauge).

7. The quality of the biopsies (after preparation for pathological assessment).

In order to assess the quality of the biopsies the slides used for microscopical 

investigation by the pathologist were retrieved from our clinics pathological archive and 

scored by two investigators (KB and MH) according to the following standards (also see 

figure 1): 

•	 Good: One or more compact cores > 10 mm in length 

•	 Intermediate: One or multiple fragments between 5 and 10 mm 

•	 Poor: multiple or solitary, separate fragments smaller than 5 mm.  

To evaluate differences in tumour- and biopsy characteristics between diagnostic 

and non-diagnostic biopsy outcome we used the Student t-test or in case of a skewed 

distribution the Mann Whitney U-test for numerical parameters and the chi-square test 

for the categorical parameters. 
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To analyse correlations between individual parameters we performed a Spearman’s 

correlation for numerical and ordinal parameters and the Kruskal-Wallis test for numerical 

vs. multicategorical parameters. For all analyses the level of significance was set at 5%.

resulTs

A total number of 100 tumours in 94 patients were identified. The mean age of the 57 

(61.3%) men and 36 women was 67 years (range 38-91). In five patients multiple tumours 

were treated. Characteristics of the tumours and the biopsy results are shown in table 1. Our 

series showed 22 non-diagnostic biopsies (22%). In 47% of tumours immunohistochemistry 

was used to differentiate benign from malignant tumours and/or to further distinguish 

subtypes of RCC. 

Table 2 shows comparison of different variables (radiological and procedural) between 

the groups of diagnostic and non-diagnostic biopsy results. There was no statistically 

significant difference between the groups of diagnostic and non-diagnostic biopsies. There 

was a positive correlation between tumour size and the number of biopsies (Spearman r 

= .191, p-value = .029), between tumour size and exophytic part of the tumour (Spearman 

r = .209, p-value = .018) and between the size of the biopsy needle and the quality of the 

biopsy (Spearman r = .342, p-value = <0.001). Furthermore central non-enhancing regions 

were significantly more present in larger tumours with a mean tumour size of 2.11 cm 

for tumours without non-enhancing intratumoural areas and 2.88 cm for tumours with 

this feature (Student t-test, p-value < 0.001) and more biopsies were taken when non-

enhancing areas were present in the tumour (Spearman r = .227, p-value < 0.001).

DisCussion

In our series on laparoscopic cryoablation of small renal masses, 22% of intra-

operatively taken biopsies were non-diagnostic. This is within the range reported in other 

studies on renal cryoablation although figures vary widely with 6% to 32% for laparoscopic 

cryoablation and 11% to 23% for percutaneous cryoablation [6,7,11-18]. The wide range 

can be caused by different reasons as tumour characteristics, procedural details, variation 

in the definition of a diagnostic biopsy, intraobserver variability [19,20] and inherent 

pathological diagnostic difficulties in RCC.  In the present study, a diagnostic biopsy was 

strictly defined by tissue that would explain a renal mass on an imaging study, such as 

carcinoma or benign renal tumours. In some studies, biopsies consisting of normal renal 

tissue are also categorized as a diagnostic biopsy. 
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 Table 1 Tumour characteristics and the biopsy results

Patients 94

Tumours 100

Patients with multiple tumours 5

side of tumour: left / right 49 / 51

Diagnostic biopsy outcome 78 (78%)

         RCC 56 (72%)

         Oncocytoma 20 (26%)

         Angiomyolipoma   2 (3%)

non-diagnostic biopsy outcome 22 (22%)

         Normal renal tissue         7 (32%)

         Fibrous tissue or sclerosis           8 (36%)

         (chronic) Infection         3 (14%)

          Fat tissue         2 (9%)

          Necrosis or blood         2 (9%)

mean tumour size (sD) (cm) 2.58 (0.77)

        No. of tumours 1.0 -  1.9 cm 23 (23%)

        No. of tumours 2.0 – 2.9 cm 38 (38%)

        No. of tumours 3.0 -  3.9 cm 36 (36%)

        No. of tumours 4.0 – 4.5 cm 3   (3%)

exophytic part of tumours

        No of tumours   0-24 % exo 18 (18%)

        No of tumours 25-49 % exo 14 (14%)

        No of tumours 50-74 % exo 54 (54%)

        No of tumours 75-99 % exo 14 (14%)

Tumour location

        Upper pole 33 (33%)

        Middle pole 41 (41%)

        Lower pole 26 (26%)

mean no. of biopsies taken (sD) 2.68 (1.00)

        1 4   (4%)

        2 47 (47%)

        3 30 (30%)

        4 9   (9%)

        5 4   (4%)

        (missing data) 6   (6%)

Biopsy needle size 16G / 18G 17 / 83
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Table 2 Comparison of the different variables (radiological and procedural) between the groups of 
diagnostic and non-diagnostic biopsy results

Parameter Diagnostic  

biopsies (n=78)

non-diagnostic 

biopsies (n=22)

p-value

mean tumour size (sD) 2.61 (0.76) cm 2.52 (0.81) cm 0.64

(t-test)

median exophytic part (iQr) 50% (20-60) 50% (30–60) 0.85

(MWU test)

median number of biopsies (iQr) 2 (2-3) 3 (2-3) 0.39

(MWU test)

Tumour location

Upper pole (n=33)
Mid pole (n=41)
Lower pole (n=26)

26 (79%)

33 (80%)

19 (73%)

7 (21%)

8 (20%)

7 (27%)

0.77

(chi-square)

size of biopsy needle

16G (n=17)
18G (n=83)

13 (76%)

65 (78%)

4 (24%)

18 (22%)

0.87

(chi-square)

Quality of biopsies

Good (n=22)
Intermediate (n= 30)
Poor (n=42)
NA (n=6)

15 (68%)

25 (83%)

32 (76%)

-

7 (32%)

5 (17%)

10 (24%)

-

0.32

(chi-square)

non-enhancing regions within tumour

Present (n=58)
Absent (n=39)
NA (n=3)

47 (81%)

28 (72%)

-

11 (19%)

11 (28%)

-

0.36

(chi-square)

However, we strongly believe that the presence of normal renal tissue usually implies 

a sampling error since theoretically renal masses are not composed of normal renal tissue. 

In other studies the presence of fibrosis and necrotic tissue is regarded as a sign of tumour 

and categorized as a diagnostic biopsy. We also regarded this as non-diagnostic because of 

the absence of tumour cells and therefore the inability to determine a definitive diagnosis. 

When comparing the ranges of non-diagnostic biopsies between laparoscopic and 

percutaneous cryoablation series it is remarkable that these numbers differ so little; one 

would expect that the laparoscopic vision would be an advantage in obtaining a biopsy 

and therefore the non-diagnostic biopsy rate would be lower. However we experienced 

that with the biopsy needle suspending freely in the abdominal or retroperitoneal cavity 

during laparoscopy it is difficult to aim the exact location of the biopsy, something that is 

not encountered when the biopsy is taken percutaneously. Perhaps the use of a guiding 

sheath during laparoscopy could be helpful and improve biopsy results.
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figure 1 A solid tumour (A) with a good quality biopsy of a compact core (C). Below a tumour with non-
enhancing areas suggestive of necrosis (B) with a poor quality biopsy consisting of multiple short fragments 
(D). 

In the present study none of the studied parameters on radiological tumour 

characteristics, on biopsy needle size, number of biopsies, or quality of biopsies was found 

to influence the percentage of non-diagnostic biopsies significantly. 

The size of the tumour (all tumours in our study were ≤ 4.5 cm) did not influence 

biopsy outcome. However Wunderlich and colleagues did find tumour size to affect biopsy 

outcome when including larger sized tumours [21]. In their series 250 ex-vivo biopsies 

were taken from 50 tumours (range 2 – 20 cm), 1 central and 4 peripheral biopsies from 

each tumour. For the 30 tumours smaller than 4 cm, 16.7% of the central biopsies and 25% 

of the peripheral biopsies consisted of necrosis and/or fibrosis as a result of which the 

tumour biology (benign or malignant) was indefinable. For the 20 tumours larger than 4 

cm this was the case for 30% of the central biopsies and 32.8% of peripheral biopsies. In our 

study the percentage of biopsies (all our biopsies were taken centrally) containing mostly 

necrosis and/or fibrosis was 10% (see table 1). 
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We found that significantly more biopsies were taken in larger tumours. In our setting 

the number of biopsies depended on the macroscopic appearance of the obtained biopsy 

assessed by the surgeon (i.e. the biopsy gun was fired until a proper core of tissue was 

yielded). Furthermore there was a positive correlation (p = < 0.001) between tumour size 

and the presence of intratumoural non-enhancing areas on imaging suggestive for necrosis. 

This is compatible with the conclusion of Wunderlich et al [21] that larger tumours result 

in a higher amount of non-diagnostic biopsies especially when taken centrally from the 

tumour, as was done in our series. 

After dissection of the perirenal fat, an exophytic tumour protruding from the kidney 

surface is more easily recognizable than a predominantly intrarenal tumour. We expected 

that under laparoscopic vision it might be easier to take a diagnostic biopsy from a more 

exophytic tumour than from a less exophytic tumour. However, this is not demonstrated 

by our results. A possible explanation is the use of intra-abdominal ultrasound; in this way 

even scarcely exophytic tumours can also easily be identified intra-operatively provided 

they are not isoechoic [22]. Furthermore we found tumour size to be correlated with a 

larger exophytic part of the tumour which is expected since large tumours are more likely 

to deform the kidney surface. 

 Laparoscopically, the upper pole is usually more difficult to reach with a biopsy 

needle than the middle and lower pole; the reason why we included this parameter into 

our study. Nonetheless, our analysis shows that this did not significantly influence the 

biopsy outcome.

Breda et al. compared the accuracy of three different sized biopsy needles in a 

prospective, ex-vivo study [23]. Their study shows that 100% of the biopsies obtained with 

the 14- and 18G biopsy needles were diagnostic, while this number decreased to 84% with 

the 20G needle. The histological accuracy of the 14-, 18, and 20G needles was 92%, 97% 

and 81% respectively. They therefore advise to use an 18G biopsy needle as a minimum 

size. This was the case in our centre where intraoperative biopsies were performed with 

an 18G needle. Proven safety of larger size needles [24] together with an interim analysis 

of our results prompted us to use a 16G needle in an attempt to improve our diagnostic 

rate. Therefore we were able to assess potential advantages of a larger calibre needle in 

an in-vivo setting. Needle size did not turn out in a statistical significant increase in the 

rate of diagnostic biopsies, but larger needle size positively influenced the quality of the 

biopsies. In concordance with this, Hruby et al. found that larger calibre needles (12-

14 gauge vs. 16-20 gauge) resulted in improved tissue specimens in terms of width and 

number of glomeruli and vessels captured in a porcine model 25]. To our knowledge there 

is no standardized way to score the quality of a biopsy. We based our scoring system on the 

length and number of (fragmented) cores after preparation for pathological assessment. 
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According to our definition, a total of 42 biopsies were of poor quality (32 of the diagnostic 

biopsies (76%) and 10 of the non-diagnostic biopsies (24%)). Apparently, the macroscopic 

appearance of the biopsies says little about the microscopic appearance and the ability of 

the pathologist to make the diagnosis. 

Main limitation of this ‘ad hoc’ study is the retrospective collection of some of the 

variables and the lack of randomisation. Consequently the number of biopsies and the 

needle size reflect clinical practice and as mentioned the attempt of improving diagnostic 

results. The sample size might seem insufficient to show any statistical significant difference 

in an observational study, however indications to perform laparoscopic renal cryoablation 

are limited. A randomized controlled trial shall definitively answer the question although 

a big sample would be necessary to adjust for the number of core biopsies related to 

tumour size and biopsy needle calibre.  A certain percentage of non-diagnostic biopsies is 

ultimately unavoidable and inherent to the sampling of small renal masses. 

Efforts should be made to improve the diagnostic rate in ablation of SRM since 

decreasing the non-diagnostic rate has significant impact on follow up, health care costs, 

and patient apprehension. 

 

ConClusions

In our setting 22% of intraoperative biopsies are non-diagnostic during laparoscopic 

cryoablation. Radiological tumour characteristics (tumour size, exophytic part, tumour 

location or non-enhancing parts in the tumour) or the number of biopsies taken, the size 

of the biopsy needle or the quality of the biopsies did not predict the biopsy outcome. 
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aBsTraCT

Purpose 

To evaluate the diagnostic feasibility and reproducibility of immediate postcryoablation 

biopsies of small renal masses.

materials and methods

Between December 2006 and July 2007, 21 intraoperative pre- and postcryoablation (18G 

core) biopsies of renal masses were obtained. Evaluation of the biopsies by the institutional 

uropathologist was followed by a blind assessment by two other uropathologists. Tumour 

subtype and Fuhrman grade were determined by the three pathologists, while biopsy 

timing (before or after cryoablation) was only assessed by the two blinded pathologists. The 

diagnostic yield of the pre- and postcryoablation biopsies and interobserver agreement 

were calculated.

results 

The mean size of the 21 cryoablated tumours was 2.8 cm. No significant bleeding occurred 

after any biopsy. Of the precryoablation biopsies 75 – 81% was correctly labeled as ‘precryo’, 

and 48% of the postcryoablation biopsies as ‘postcryo’. The diagnostic yield of the three 

pathologists for precryo biopsies ranged between 67% and 71%, and for postcryo biopsies 

between 48 and 71% (not statistically different). When combining both types of biopsies 

the overall diagnostic yield was 81% for all pathologists. The interobserver agreement was 

‘almost perfect’ (kappa = 0.902) for precryo biopsies, and ‘substantial’ (kappa = 0.514) for 

postcryo biopsies. 

Conclusion 

This study shows that it is feasible to obtain histopathological diagnoses from 

postcryoablation biopsies with a diagnostic yield and interobserver agreement similar to 

precryoablation biopsies. 
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inTroDuCTion

Laparoscopic assisted cryoablation (LAC) is currently recognized as a feasible and safe 

treatment option for small renal tumours [1]. After ablative procedures, however, there 

is no surgical specimen available and therefore the diagnosis relies solely on core biopsy 

samples or fine needle aspiration (FNA). Pathological confirmation is important since 

approximately 23% of renal tumours smaller than 4 cm are benign [2] and will not require 

further follow up. Furthermore, recent research suggests that major subtypes of renal cell 

carcinoma (RCC) have a different clinical course [3] and diagnosis may provide important 

prognostic information. 

A biopsy is usually taken intraoperatively before cryoablation commences. Problems 

with intraoperative biopsies of small masses are nondiagnostic sampling and the possibility 

of an intraoperative complication. Nondiagnostic biopsies - when only non-tumour tissue 

is sampled - are common for most series of cryoablated renal masses [4]. Risks involved 

in taking an intraoperative biopsy are tumour seeding and haemorrhage [5]. Seeding has 

only been reported incidentally after radiologically guided tumour biopsies, but the added 

potential risk due to the use of CO2 during the laparoscopic procedure is a point of concern 

[6]. Furthermore, bleeding can hinder the correct placement of the cryoprobes, and even 

a minimal precryoablation puncture site can be the origin of a postcryoablation capsular 

tearing or tumour fracture. 

Biopsies performed immediately after cryoablation may reduce these risks, is 

tumour morphology still recognizable after cryoablation, and can a correct and reliable 

histopathological diagnosis be made? The aim of the current study is to assess the 

diagnostic feasibility of immediate postcryoablation biopsies and their reproducibility. 

maTerials anD meThoDs

Between December 2006 and July 2007 pre- and immediate postprocedural biopsies 

were obtained in those patients treated by LAC or open cryoablation of an enhancing solid 

or mixed solid/cystic renal mass suspect for malignancy on cross sectional imaging. An 

argon-based cryosystem was used with 1.47 mm cryoprobes (type SeedNet® or IceRods®, 

Seednet Gold System™, Galil, Tel Aviv, Israel). 

After dissection of the perirenal fat, real-time laparoscopic ultrasound was used to 

identify the tumour. Under direct vision percutaneous ‘precryo’ core biopsies were taken 

from the renal mass using an 18G core biopsy system (Topnotch™, Boston Scientific, USA). 

The number of biopsies taken ranged between one and four, depending on whether the 

surgeon judged the tissue core as being sufficient for pathological assessment and avoiding 
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significant bleeding. Based on the work of Wünderlich et al.7 we tried to at least take two 

biopsies; one from the centre and one from the periphery of the tumour. Next, cryoprobes 

were placed and a double freeze-thaw cycle was performed (lasting 8 – 10 minutes) 

under intra-abdominal ultrasound guidance and using two thermosensors to check 

temperatures. Our aim was to let the iceball engulf the complete tumour plus 0.5 – 1 cm 

of healthy renal tissue, and lower temperatures in the rim of the tumour to at least -20°C. 

Following termination of the cryoablation, thawing of at least the superficial ice-layer, and 

removal of the cryoprobes, one to four percutaneous ‘postcryo’ biopsies were taken in the 

same way as the precryo biopsies..

All precryo biopsies of one tumour were processed separately from the postcryo 

biopsies, and were put onto separate slides. Each set of biopsies was routinely fixed in 

4% buffered formalin, embedded in paraffin and stained using hematoxilin and eosin 

(H&E). A biopsy was regarded diagnostic if sufficient tumour tissue could be identified 

to make a diagnosis. Those samples containing normal kidney tissue, connective tissue, 

blood, necrotic tissue or insufficient tumour tissue to make a diagnosis were considered 

nondiagnostic.

The institutional uropathologist (A) evaluated all biopsies according to standard 

criteria;8 pre- and postcryo biopsies of one tumour were evaluated simultaneously. 

Additional immunohistochemical (IHC) staining could be performed to reach a final 

diagnosis.

In a second phase, two uropathologists (B and C), blinded to the moment when the 

biopsy was taken (pre- or postcryoablation) and to the initial diagnosis of the uropathologist 

A, evaluated all sets of biopsies independently from each other. For this purpose all H&E 

slides of each tumour were provided. The pre- and postcryoablation biopsy sets were 

randomly ordered to avoid recognition by chance. Assessment included tumour type and 

subtype according to the same criteria used by uropathologist A, Fuhrman grade in cases of 

clear cell and papillary RCC. Further assessment included their opinion on when biopsies 

were taken: pre- or immediately postcryoablation. 

statistical analysis

Analyses were conducted using the statistical software package SPSS® version 14.0. 

To evaluate differences in diagnostic yield of the pre- and postcryoablation biopsies per 

pathologist the McNemar test for repeated measures was used. To determine a significant 

difference in diagnostic yield between pathologists the Pearson Chi Square test was 

performed. In all cases, the level of significance (p) was set at 5% (p < 0.05). 

To evaluate the measure of agreement between the biopsy diagnoses (divided 

into: malignant, benign and nondiagnostic) of the three uropathologists, we used the 
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generalized kappa statistic. The following interpretation of the kappa statistic was used: 

0.00-0.20, fair; 0.21-0.45, moderate; 0.46-0.75, substantial; 0.76-0.99, almost perfect; and 

1.00, perfect [9]. 

resulTs

Twenty patients with 21 renal tumours were treated with cryosurgery during the 

study period. Table 1 shows the patient and tumour characteristics. In each case lethal 

temperatures and complete engulfment of the tumour by the iceball was achieved. No 

complication occurred during any of the procedures, specifically no significant bleeding 

occurred after any of the biopsies. Table 2 shows the diagnoses made by the three 

pathologists and whether the biopsies were correctly labelled as pre- or postcryo by 

pathologists B and C. 

Pathologist A, evaluating the pre- and postcryoablation biopsy simultaneously, noted 

a degree of cellular and nuclear degeneration in the postcryo biopsies, particularly nuclear 

shrinking with hyperchromasia and eosinophilic granular damage of the cytoplasm, 

compared to the precryo biopsies. The severity of these postcryoablation changes varied 

from biopsy to biopsy. Figure 1 shows an illustrative example of the pre- and postcryo 

biopsies of a clear cell RCC. 

Eighty-one percent (17/21) of the precryoablation biopsies were correctly labeled as 

‘precryo’ by pathologist B, and 76% (16/21) by pathologist C. Forty-eight percent (10/21) of 

the ‘postcryo’ biopsies were labeled correctly by both pathologists. 

Differences in diagnostic yield between pre- and postcryoablation biopsies were not 

statistically significant for any of the pathologists. There was also no significant difference 

in diagnostic yield between pathologists. Diagnostic yield increased when pre- and 

postcryo biopsies were combined (table 3). 

The interobserver agreement regarding tumour type for the precryo biopsies was 

‘almost perfect’ (kappa = 0.902; 95% CI 0.713 – 1.090), and ‘substantial’ (kappa = 0.514; 95% 

CI 0.296 – 0.732) for postcryo biopsies. 

Grade assessment was only aimed at those papillary and clear cell RCCs. Grade 

was provided by pathologists in 75 – 100% and in 64 – 82% of the suitable pre- and 

postcryoablation samples respectively (table 4). The small number of cases precluded any 

statistical analysis. 
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Table 1 Patient and tumour characteristics

Patients 20

- ♂ : ♀
- Age (yrs), median (range)
- Approach:

LAC
Open*

16 : 4
69 (43 – 86)

19
1

Tumours 21

- Size (cm), median (range)
- Side:

left
right

- Location
lower pole
mid segment
upper pole

- Exophytic part (%), median (range)**

3.0 (1.0 – 4.5)

9
12

4
11
6

50 (0 – 90)

* In one case an open cryoablation was performed because of previous abdominal interventions and 
anaesthetic concerns.
** The exophytic part of a tumour is the part that extends beyond the normal delineation of the kidney as 
measured on cross section imaging.

figure 1 Pre- and postcryoablation biopsies

Pre- (left) and postcryoablation biopsy (right) of a clear cell renal tumour (20x). Besides some nuclear 
degeneration in the postcryoablation biopsy the tumour subtype is still recognizable. 
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Table 2 Histopathological diagnoses per tumour for the three pathologists

Pathologist a Pathologist B (blinded) Pathologist C (blinded)

Tumour Pre PosT Pre PosT Pre PosT

1 Onc Onc Onc* pRCCII gII-III Onc* Onc

2 ccRCC gII ccRCC gII ccRCC gI* RCC* ccRCC gI* RCC

3 ccRCC gII Nd ccRCC gI* Nd* ccRCC gI Nd

4 Nd Nd Nd Nd Nd Nd*

5 Nd Nd Nd Nd Nd* Nd*

6 ccRCC gII-III ccRCC gII-III RCC * Nd Nd Nd

7 ccRCC gII ccRCC gII ccRCC gI-II* ccRCC gI ccRCC gII* ccRCC gII

8 AML AML AML* Nd AML* Nd

9 ccRCC gI-II ccRCC gI-II Nd* ccRCC gI* ccRCC* ccRCC*

10 ccRCC gI ccRCC gI RCC Nd ccRCC gI* Nd

11 Nd Nd Nd Nd* Nd Nd*

12 Nd ccRCC gI Nd* ccRCC gI* Nd* ccRCC gI*

13 ccRCC gII ccRCC ccRCC gI* Nd* ccRCC gI* ccRCC gI-II*

14 Onc Onc Onc* Onc Onc* Onc

15 Onc Nd Onc * RCC gI-II* Onc* ccRCC gI*

16 Nd Nd Nd * Nd* Nd* ccRCC*

17 Nd ccRCC gII Nd RCC* Nd RCC

18 ccRCC gII ccRCC II ccRCC gI* ccRCC gI* ccRCC gII* ccRCC gI*

19 Onc Onc Onc* Nd Onc* Nd

20 ccRCC gI ccRCC gII chRCC* ccRCC gII ccRCC gII* ccRCC gII

21 pRCC gII ccRCC pRCCI  gI* Nd pRCCI  gI* ccRCC gI*

RCC: renal cell cancer; ccRCC: clear cell RCC; pRCC/pRCCI/pRCCII: papillary RCC, type I or II; chRCC: 
chromofobe RCC; onc: oncocytoma; AML: angiomyolipoma; Nd: non-diagnostic. 
The roman numbers behind the RCCs indicate the Fuhrman grade (g); if no roman number is stated, 
the pathologist did not provide a grade. The asterisks (*) indicate a biopsy correctly labelled as ‘pre’- or 
‘postcryoablation’. 
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Table 3 Diagnostic yield

Pathologist a Pathologist B Pathologist C p*

Precryo 15/21 (71%) 14/21 (67%) 14/21 (67%) 0.929

Postcryo 15/21 (71%) 10/21 (48%) 13/21 (62%) 0.284

p** 1.000 0.344 1.000

Pre + post together 17/21 (81%) 17/21 (81%) 17/21 (81%) 1.000

The diagnostic yield is given per pathologist for the precryo and postcryo biopsies, and when the independent 
results are combined. 
p* : level of significance (Chi Square) for the difference in diagnostic yield between pathologists. 
p** : level of significance (McNemar) for the difference in diagnostic yield between pre- and postcryo 
biopsies per pathologist.

Table 4 Fuhrman grading

Pathologist a Pathologist B Pathologist C

Precryo 10/10 (100 %) 6/8 (75 %) 8/9 (89 %)

Postcryo 9/11 (82 %) 7/9 (78 %) 7/11 (64 %)

The number of times and percentages in which the pathologists were able to determine the Fuhrman grade 
of clear cell and papillary RCCs before and after cryoablation.

DisCussion

The histopathological diagnosis of a tumour treated by cryoablation relies on core 

biopsies or FNA. In spite of recent series showing a high diagnostic yield for FNA [10], 

the urological community is still more acquainted and feels more comfortable with core 

biopsies as a reliable method [5]. In our setting, core biopsies are standard protocol for LAC 

and open cryoablation.

A haemorrhage after percutaneous renal biopsies is not infrequent, although clinical 

consequences are minimal [11]. Theoretically this risk should be lower during laparoscopy 

since haemostasis can be achieved under direct vision [12]. In the current series small 

bleeding was frequently observed at the biopsy puncture sites, but no significant bleeding 

occurred after any pre- or postcryoablation biopsy. No cases of tumour seeding were noted 

in our series, although follow up is relatively short for such assessment. 

Lambert et al. also studied the histological accuracy of pre- and postcryo biopsies [13]. 

Firstly they tested the feasibility of postcryoablation biopsies in a porcine model. Although 

the quality of the specimens deteriorated after cryoablation, the classic renal architecture 

remained recognizable. A subsequent clinical pilot study confirmed that diagnosis could 

be made in 70% of postcryoablation biopsies of renal tumours. 
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Chen et al recently did a similar study, but they analyzed the effects on histological 

interpretation when biopsies are taken between the first and second freeze cycle [14]. In 

eleven tumours they also found no significant difference between pre- and post-first freeze 

biopsies in microscopic characteristics and diagnostic yield.

In the present study 52% of the postcryo biopsies were erroneously identified as 

precryoablation by the blinded uropathologists, and pathologist A described a varying 

degree of cellular and nuclear degeneration in postcryoablation biopsies. This both 

confirms that in most cases cryoablation does not cause obvious histological damage. 

The question is whether in the remaining 48% diagnosis is impaired by the cryoablation, 

whether a higher percentage of these biopsies is nondiagnostic, and whether the results 

are reproducible. 

Main difference between the current series and the previously reported by Lambert 

et al [13]  is our lower diagnostic yield, in spite of the higher number of core biopsies taken 

in our study. The existence of nondiagnostic biopsy sampling of renal masses is well 

known; this is irrespective of the modality of guidance [11,15] and even occurs when taken 

in bench [7,16]. As we used the same gauge biopsy needle as Lambert et al [13], differences 

in diagnostic yield may respond to tumour size variations, skills in biopsy technique, or 

variability in diagnostic requirements among pathologists [16].

In our series the two blinded uropathologists had a slightly lower diagnostic yield for 

the postcryo biopsies. In spite of the lack of statistical significance, we can not dismiss 

the fact that the difference in diagnostic yield of pathologist B could have been of clinical 

relevance; based on precryo biopsies four more patients would have had a diagnosis 

compared to postcryo biopsies. Pathologist A, investigating the pre- and postcryoablation 

biopsies simultaneously, had a slightly higher diagnostic yield for both pre- and postcryo 

biopsies. This can be explained by the fact that the information gathered from the precryo 

biopsy may influence the evaluation of the postcryo biopsy of the same tumour, and vice 

versa. However, when combining pre- and postcryoablation diagnostic biopsies, the three 

uropathologists reached the same diagnostic yield. This can be attributed to the increased 

number of tissue cores available for each tumour. 

Because of the expected (small) changes in tumour architecture due to the 

cryoablation we also assessed whether this influenced interobserver agreement. Studies 

on interobserver variability for histopathological diagnosis of RCC are scarce. Ficarra et al. 

looked at the concordance for different subtypes of RCC at initial diagnosis and after slide 

revision [17]. Although the results were significantly affected by the year of treatment with 

different subtype classifications being introduced through the years, the concordance was 

‘substantial’ for the 121 most recent cases (between 1997 and 2000). Kümmerlin et al found 

that the interobserver agreement was ‘fair’ to ‘almost perfect’ for 62 in-bench biopsies of 
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renal masses depending on subtype [16]. In the current study the interobserver agreement 

is better for pre- than for postcryoablation biopsies, although both are in the range of 

the aforementioned studies. Disagreement was mostly due to nondiagnostic biopsies; 

the difference between benign and malignant tumours was agreed upon in all but two 

cases; tumours number 1 and 15. Possibly, these tumours show features of both RCC and 

oncocytoma, in which case IHC staining might have been useful [18]. 

Only pathologist A had the possibility of using immunohistochemical staining; the 

two other pathologists evaluated only H&E slides. We chose this approach for several 

reasons. Firstly, in only 12 of the 21 tumours IHC was possible; in the other nine not 

enough tissue was available. Secondly, there is no consensus about a standardized panel 

of IHC stains that should be performed. Lastly, overlapping morphological features occur 

in only a minority of cases, so we do not think the absence of IHC staining had a major 

influence on the diagnostic ability of the two blinded pathologists. 

Several studies have shown that the Fuhrman nuclear grade of RCCs may provide 

significant prognostic information, however, its interobserver reproducibility is only 

moderate [19]. This is due to the heterogeneity of tumours concerning grade, and especially 

difficult when based on the small amount of tissue in a biopsy [19]. In our series, there does 

not seem to be an apparent difference in the ability to grade pre- and postcryoablation 

biopsies. 

A limitation to our study is that the number of biopsies taken was not recorded or 

standardized. There may exist a correlation between this number of taken biopsies and the 

number of (non)diagnostic biopsies, although such analysis would probably need a larger 

series. Since biopsy attempts can yield e.g. mainly blood, our criterion was not the number 

of biopsies but the amount of tissue obtained. 

We also have to acknowledge that the number of cases included in the present series 

is small. However, our results confirm those of the previous series on this topic [13,14], and 

open the possibility to a more extended research. 

ConClusions

The current study shows that in the immediate phase cryoablation does not significantly 

alter histological architecture. The diagnostic yield of pre- and postcryoablation biopsies 

did not differ statistically significant, although nondiagnostic biopsies remain a problem. 

The interobserver agreement for postcryo biopsies was substantial, while it was almost 

perfect for precryo biopsies. Together these results confirm that postcryoablation biopsies 

can be used in clinical practise, although more research is needed before precryoablation 

biopsies should be abandoned. The ideal approach could be a fresh assessment of the 

precryoablation biopsies, with postcryo-sampling in case they are nondiagnostic. 
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aBsTraCT

objective 

To present the functional and oncological mid-term results of laparoscopic cryoablation of 

renal masses using third generation ultrathin (17-gauge[G]) cryoprobes.

Patients and methods 

Consecutive patients with small renal masses treated by cryoablation from September 2003 

to September 2008 were prospectively evaluated. The cryoablation was performed using 

multiple third generation 17-G cryoprobes after intraoperative mass biopsy. Data on serum 

creatinine measurements and cross sectional imaging (computed tomography/ magnetic 

resonance imaging) were regularly collected according to a previously determined protocol. 

Follow-up was censored in October 2009. Renal function analysis was based on estimated 

glomerular filtration rate (eGFR) at 1 year compared with baseline. Residual (or persistent 

tumour) and recurrence were defined as the presence of residual enhancement at first 

follow-up and ‘denovo’ enhancement of a non-enhancing cryolesion at any time during 

follow-up. Survival data were analysed using the Kaplan–Meier method. Best estimates for 

the overall survival (OS), recurrence-free survival (RFS), cancer-specific survival (CSS) and 

metastatic-free survival (MFS) were made for patients with renal cell carcinoma (RCC) and 

for patients with RCC or non-diagnostic biopsy.

results 

A total of 92 patients (100 tumours; mean size 2.5 cm ± 0.8 cm) were treated in 95 sessions. 

The mean follow-up was 30.2 ± 16.6 months (Mean values are ± SD). Intraoperative 

biopsy showed RCC in 51 patients (53.7%), benign lesion in 23 patients (24.2%) and was 

non-diagnostic in 21 patients (22.1%). Three tumour persistences and four radiological 

recurrences were detected. The estimated mean RFS time and 3-year OS and RFS in 

patients with RCC exclusively were 47.8 (95% confidence interval [CI]: 44.1–51.1) months, 

86.1% (95% CI: 71.2–93.6) and 91.8% (95% CI: 76.3–97.3), respectively. The figures were 

slightly higher in the group of patients with RCC or unknown pathology. The actual 

CSS and MFS rates were 100%. Renal function was preserved in 84.5% of patients with 

normal preoperative eGFR. Baseline eGFR was the only predictor of renal insufficiency 

development at 1-year follow-up.

Conclusions 

Laparoscopic cryoablation with multiple ultrathin cryoprobes is oncologically and 

functionally effective at mid-term follow-up.
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inTroDuCTion

The recently published AUA guidelines on the management of clinical T1 renal 

masses consider thermal ablation to be a treatment option in healthy patients with T1a or 

T1b clinical masses, although in these groups it can be a suboptimal treatment. In patients 

with a T1a clinical mass with major comorbidities and increased surgical risk, however, 

thermal ablation is recommended [1]. Cryoablation has evolved over the years as a result 

of the implementation of intracavitary ultrasound and the development of different 

generation probes. First generation cryoprobes used liquid nitrogen as a freezing agent, 

while second generation incorporated the Joule–Thomson effect, argon as a freezing gas 

and the possibility of thaw using helium. Third generation cryoablation is characterized 

by ultrathin (1.47-mm/17-gauge [G]) cryoprobes [2]. These ultrathin cryoprobes are easily 

introduced into the kidney, minimize bleeding from the puncture tract and reduce the 

risk of renal fracture [3]. Although different ice ball sizes are available, the ablation zone 

achieved is smaller and therefore multiple cryoprobes [4], acting synergistically, need to 

be inserted [5]. The clinical safety of ultrathin cryoprobes is proven [6] but concerns about 

their efficacy might still exist. 

Mid- and long-term results for laparoscopic renal cryoablation (LRC) of small renal 

masses (SRMs) are scarce and mostly retrospective and, in the majority of series, large 

calibre cryoprobes were used [7–11]. In the present study we show mid-term, oncological 

and functional results for patients treated exclusively with third generation 17-G 

cryoprobes. 

PaTienTs anD meThoDs

Consecutive patients with solid, contrast-enhancing SRMs suspicious for RCC were 

treated by cryoablation from September 2003 to September 2008. Follow-up was censored 

in October 2009. 

The indication for ablation was based on clinical tumour size (T1a), comorbidity 

and surgical risk. A prospective dataset collection included baseline patient and tumour 

characteristics, procedural data, complications, and follow-up assessment. The patients’ 

preoperative physical status was assessed using the American Society of Anaesthesiology 

ASA) score. Comorbidity was assessed using the Charlson Comorbidity Index (CCI) and 

the Charlson-Age Comorbidity Index [12,13]. 

The surgical protocol has been described previously [6]. The surgical approach 

(transperitoneal/retroperitoneal, laparoscopic or open), depended on tumour location, 

history of previous renal or abdominal surgery and on anaesthetic limitations. Real-time 
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laparoscopic ultrasound was used to identify and confirm the tumour size. Intraoperative 

core tumour biopsies were obtained before ablation from the 5th case onwards. 

An argon-based cryosystem with 17-G cryoprobes (Seednet Gold SystemTM, Galil, Tel 

Aviv, Israel) was used in all cases. The number and type of cryoprobes placed (IceSeedNet® 

or IceRod®), with in vitro −40°C isotherms of 17 mm × 8 mm and 34 mm × 14.5 mm, 

respectively, depended on tumour size and probe availability. To ensure temperatures of 

−40°C in the centre and at least 5 mm outside the periphery of the tumour, ‘IceSeeds’ 

were placed at a maximum of 8 mm apart. ‘IceRods’, available from 2006 in Europe, were 

only used in patients with tumours >30 mm in diameter and were placed 20 mm apart. In 

both cases, needles were placed at the periphery of the tumour. When necessary, a central 

needle was placed to cover the whole tumour volume. The tip of the needle was advanced 

a few mm beyond the deepest margin of the tumour. 

Intraoperative biopsy was considered non-diagnostic in the absence of tumour cells, if 

the cells were inconclusive for diagnosis and if only necrosis or normal renal parenchyma 

were present in the sample. 

Postoperative follow-up included cross sectional imaging (CT or MRI) at 3-month 

intervals in the first year, 6-monthly in the following two years, and yearly thereafter. A 

chest X-ray was performed yearly. Serum creatinine levels were measured on the same 

day of the imaging study. The cryolesions were evaluated for enhancement and their 

maximum diameter recorded. A residual tumour was defined as remaining enhancement 

at first cross sectional imaging control (3 months); rim or small focal enhancement were 

not considered to be a residual tumour, unless the area increased on subsequent imaging 

studies. Tumour recurrence was defined as newly developed enhancement after a period 

of lack of enhancement. Suspicion of residual or recurrent tumour warranted biopsy and/

or retreatment. 

Continuous variables were tested for normality (Shapiro–Wilk W-test). Normal 

distributions are given as mean ±SD. Ordinal and not normally distributed continuous 

variables are given as median (range) values. 

Renal function analysis was based on serum creatinine and estimated GFR (eGFR) 

values. eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration 

formula [14]. Chronic kidney disease (CKD) was defined according to the National Kidney 

Foundation’s Kidney Disease Outcomes Quality Initiative guidelines (non- or mild CKD: 

eGFR >60 mL/min/1.73 m2; moderate CKD: eGFR=30–59 mL/min/1.73 m2; severe CKD: 

eGFR =15–29 mL/min/1.73 m2; kidney failure: eGFR <15 mL/min/1.73 m2) [15]. 

Serum creatinine and eGFR baseline values were compared with those at 1-year 

follow-up using a paired t-test after achieving normality of the differences with logarithmic 

transformation of the respective raw data when necessary. Repeated measures ANOVA 
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with Bonferroni post hoc adjustment and repeated measures analysis of covariance 

(ANCOVA) models were used for multiple comparisons. Patient baseline characteristics 

(age, sex, tumour size, eGFR at baseline and presence of functional monokidney) were 

tested with univariate and multivariate binary logistic regression analysis to identify 

potential predictors of renal insufficiency development after cryoablation. 

Survival data were analysed per patient, using the Kaplan–Meier method. Best 

estimates for overall survival (OS), (local) recurrence-free survival (RFS), cancer-specific 

survival (CSS) and metastatic- free survival (MFS) were calculated based on the actual 

follow-up period of the study after excluding cases with residual tumour. CIs of all 

estimated values were set at 95% and P ≤ 0.05 (two-tailed) was  considered to indicate 

statistical significance. The data were analysed using SPSS 15.0 (SPSS, Chicago, IL, USA) 

and Stata/SE 8.0 for Windows (Stata Co, College Station, TX, USA).

resulTs

A total of 92 patients (100 SRMs), with at least 1-year follow-up, or who died during 

the first year, were included in the study. Baseline patient and tumour characteristics 

and procedural data are shown in Table 1. There was a positive correlation between the 

maximum tumour diameter and the number of ‘ice seeds’ used (P<0.001), but there was no 

correlation between the number of ‘ice rods’ and maximum tumour diameter (P=0.369). 

The mean follow-up period was 30.2± 16.5 months. Seven patients died from causes 

other than RCC at a median period of 10.5 (0.6–40.4) months. 

Of the 92 patients, three (3.3%), showed residual tumour at first radiological control 

giving an immediate success rate of 97%. All three residual tumours were of unknown 

pathology (non-diagnostic biopsy) and received additional treatment (radical nephrectomy, 

partial nephrectomy and radiofrequency ablation [RFA]). RCC was subsequently confirmed 

in all cases (Table 2). 

Radiological recurrence was found in four patients (4.3%) at a median time of 23 (6–37) 

months. Recurrences occurred exclusively in patients with documented RCC. They were 

retreated with percutaneous RFA, radical nephrectomy or partial nephrectomy. Pathology 

confirmed RCC in the patient treated with RFA and 1.5 cm RCC foci in two more patients. 

In the fourth case only one 3-mm, non-vital RCC focus inside a blood vessel was found. 

Re-treated patients did not present abnormal enhancement areas in subsequent follow-up 

(Table 2). 

The estimated mean survival was 67.7 (95% CI: 63.3–72.1), 66.3 (95% CI: 60.8–71.7) and 

45.0 (95% CI: 40.3–49.6) months in the whole cohort, in patients with documented RCC or 

unknown tumour pathology (74 patients, 77 tumours) and in patients with documented 
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RCC (48 patients, 51 tumours), respectively. After excluding cases with residual tumour, 

the estimated mean RFS time in the total population, in patients with documented RCC 

or unknown tumour pathology and in patients with documented RCC was 69.8 (95% CI: 

66.0–73.6), 68.9 (95% CI: 64.3–73.6) and 47.8 (95% CI: 44.1–51.5) months, respectively. The 

estimated 3-year OS and RFS of patients with RCC was 86.1% (95% CI: 71.2–93.6) and 91.8% 

(95% CI: 76.3–97.3) months, respectively (Figs 1,2). The estimated 3-year OS and RFS of 

patients with RCC or unknown tumour pathology was 90.4% (95% CI: 79.6–95.7) and, 

94.4% (95% CI: 83.4–98.2) months (Figs 1,2), respectively. The actual CSS and MFS was 

100% since none of the seven patients died from an RCC-related cause and none developed 

metastases during follow-up. 

Paired serum creatinine (and eGFR) values before cryoablation and at 1-year after 

cryoablation were available for 73 patients. Based on baseline eGFR, 58 out of 73 (79.5%) 

were classified as non- or mild CKD and 15 (20.5%) as moderate CKD patients. The median 

serum creatinine level in these 73 patients was 78 (37–172) μmol/L before cryoablation and 

83 (45–250) μmol/L at 1-year after cryoablation. A significant mean postoperative increase 

in serum creatinine level of 10.2% (95% CI: 6.8%-13.6%; P<0.001) was detected. 

The respective median eGFR values were 82 (32–112) mL/min/1.73 m2 at baseline, and 

73 (20–106) mL/min/1.73 m2 at 1 year. A significant (P<0.001) mean postoperative decrease 

of 7 mL/min/1.73 m2 (95% CI: 5–9) was detected. This decrease was clinically translated into 

three distinct subgroups of patients (Fig. 3): (i) those who developed ‘de novo’ moderate 

CKD (eGFR: 57 (38–59) mL/min/1.73 m2; n=9/58; 15.5%); (ii) those who maintained renal 

sufficiency or mild CKD (eGFR: 86 (62–106) mL/min/1.73 m2; n =49/58; 84.5%); (iii) those 

who remained insufficient (eGFR: 42 (20–52) mL/min/1.73 m2; n =15/73; 20.5%). Two of 

the third group of patients progressed to severe CKD, although no renal replacement 

was required. The decrease in postoperative eGFR was significant within subgroups (P< 

0.001) and the decreases differed significantly between subgroups (P< 0.001). The latter 

differences became insignificant when tested in an ANCOVA model adjusting for age, 

sex, tumour size and presence of a solitary kidney. The eGFR at baseline was the only 

significant predictor of renal insufficiency development after surgery, in both univariate 

and multivariate logistic regression models (Table 3).
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Table 1 Patient characteristics at baseline and tumour and procedural data

Patient characteristics
No. of patients
Median (range) age at operation, years
Sex, males (%)/females (%)
Race, African-Americans/others
Median body mass index, kg/m2

Median (range) Charlson Comorbidity Index Score
Median (range) Charlson-Age Comorbidity Index Score
Median (range) ASA score 
ASA 1, n (%)
ASA 2, n (%)
ASA 3, n (%)
Median (range) serum creatinine leven, μmol/L
Median (range) eGRF, mL/min/1.73 m2

Patients with renal insufficiency (%)*
Patients with functional monokidney (%)
Patients with unilateral tumour (%)/bilateral tumour (%)
Patients with with multiple tumours (%)
   Same kidney (%)/both kidneys (%)

92
68.9 (38.8-91.3)
58 (63)/34 (37) 
1/91
26.2 (17.0-39.1)
1 (0-7)
4 (0-11)
2 (1-3)
13 (14.1)
53 (57.6)
26 (28.3)
78 (37-172)
79 (30-112)
22 (23.9)
7 (7.6)
89 (96.7)/3(3.3)
5 (5.4)
2 (2.3)/3 (3.1)

Tumour characteristics
No. of tumours
Mean tumour size, cm
Perioperative biopsy result
RCC (%)
Benign tumours (%)
  Oncocytomas
  Angiomyolipomas
Non-diagnostic (%)
Unavailable (no biopsy)

100
2.5 ± 0.8

51 (53.7)
23 (24.2)
20
3
21 (22.1)
5

Precedural characteristics
No. of procedures
Open **
  Retroperitoneal (%)
  Transperitoneal (%)
Laparoscopic
  Retroperitoneal (%)
  Transperitoneal (%)
Type of needle
  IceSeeds (%)
  IceRods (%)
Median (range) no. of needles
  IceSeeds
  IceRods

95

2 (2.1)
1 (1.0)

28 (29.5)
64 (67.4)

76 (80)
9 (20)

5 (3-8)
3 (2-4)

Mean values are given ± SD. *eCRF<60mL/min/1.73m2 **One case elective because of 
previous lumbotomy and solitary kidney, one case during oesophageal resection, one case 
after conversion due to adherences.
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figure 1 Kaplan–Meier estimates of OS for patients with RCC exclusively (red line) and for patients with 
RCC or non-diagnostic biopsy (black line).

figure 2 Kaplan–Meier estimates of RFS for patients with RCC exclusively (red line) and for patients with 
RCC or non-diagnostic biopsy (black line).

figure 3 Evolution of mean eGRF at 1 year after cryoablation compared with baseline eGRF. 

Data from 73 patients with serum creatinine measurements at baseline and 1 year after cryoablation. Renal 
function according to the five catagories of the Kidney Disease Outcomes Quality Initiatives (KDOQI) [15].
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Table 3 Predictors of renal insufficiency, indentified by a multivariate logistic regression model, at 1 year 
after cryoablation.

Variable regression 
coefficient standard error odds ratio 95% Ci P

Age, years
Sex*
Tumour size, cm
eGRF
Monokidney **
Constant (b0)

0.111
-0.768
-0.891
-0.163
3.516
7.182

0.085
1.400
0.960
0.058
2.231
6.125

1.117
0.464
0.410
0.850
33.637
1315.952

0.945-1.321
0.030-7.212
0.063-2.692
0.759-0.951
0.425-2663.671

0.195
0.583
0.353
0.005
0.115
0.241

* Reference category: male. **Reference category: no monokidney. Hosmer and Lemeshow test: P = 0.854.

DisCussion

The recent AUA guidelines clearly define the role and limitations of thermal ablation 

in the treatment of clinical T1a and T1b masses. Caution is recommended because the local 

recurrence rate is higher than after surgery, success measurement is not yet well defined 

and surgical salvage, when necessary, may be difficult [1]. High short-term success rates 

have been reported for LRC, mostly with second or third generation cryoprobes or with 

a combination of both types [16]. Reports on mid-term oncological and functional results 

with third generation ultrathin probes are limited [7–11]. Currently, only one peer review 

publication supports long-term (5 years) oncological efficacy in a relatively large group 

of patients treated with second-generation cryoprobes [17]. The definition of success in 

ablative techniques is almost exclusively based on radiological criteria and cryoablation 

seems to be a safe technique [18,19]. Nevertheless, a clear distinction between incomplete 

ablation (primary failure/ persistence) and recurrence has not yet been made, leading to 

wide variation in results. 

Residual disease at 3 months is encountered in 0 to 6% of the series on LRC with 

second and/or third generation cryoprobes [8–11, 17]. In the present series, 3% of the 

tumours showed persistent enhancement at the first radiological follow-up and these 

were, therefore, incompletely treated. This fact underlines the need for early cross-

sectional imaging control. All three tumours were initially treated laparoscopically and the 

perioperative biopsy could not detect RCC. Further treatment documented the presence 

of a RCC in all three cases, supporting the need for follow-up of those tumours that have 

non-diagnostic biopsy or unknown histology. 

During follow-up, four patients (four tumours) with documented RCC, presented ‘de 

novo’ enhancement at the cryolesion site. Radiological enhancement in the previously non- 

enhancing ablated zone and growth during follow-up, defined as a local recurrence, appear 
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in 3.7 to 13.5% of patients in those series with mid- and long-term follow-up [8,10,11,17]. 

In the present series, biopsy was not performed as all four patients fulfilled recurrence 

criteria [18] and justified a new interventional treatment, even in the absence of histological 

confirmation. Whether biopsy could have avoided surgery in the only patient where a 

cluster of non-vital RCC was found inside a vessel remains uncertain. A positive biopsy 

in non-enhancing cryoablated lesions has not been described, but no information exists 

on the accuracy of a negative biopsy after cryoablation in an enhancing mass [19]. It is our 

policy that a strong radiological suspicion prompts intervention after cryoablation, even in 

the presence of a negative biopsy. Further attempts to define anatomically or procedurally 

reliable risk factors for recurrence were impossible because of the low recurrence rate. 

The estimated 3-year OS and RFS was calculated in the sub-population of patients with 

biopsy-documented RCC and in the subpopulation of patients with biopsy-documented 

RCC or tumours with nondiagnostic biopsy. This was because we assumed that some 

subjects with a ‘nondiagnostic’ biopsy still harboured RCC, as was the case in the three 

patients with residual enhancement.  Corresponding values for the second sub-population 

may overestimate OS and RFS, because of the presence of patients with a benign lesion, 

but it is equally true that values for the first sub-population underestimate OS and 

RFS because some patients with cancer are missed. Consequently, the actual figures lie 

somewhere between the aforementioned estimates.

As in other series, OS was lower than RFS [17]. In the present series no patients died 

of cancer or developed evident metastasis during follow-up. This reflects either a careful 

staging at baseline or the slow progression course of the disease. Death by competing 

causes was noted, as expected in an elderly population with known morbidity. We do 

acknowledge that an argument for active surveillance can be inferred from those data, 

although no prospective series has yet proven that this policy offers the same results in 

terms of OS and CSS. Patients deemed to be candidates for active surveillance are generally 

older than in our series [20]. 

An additional point of concern is the preservation of renal function. Most statements 

on cryoablation functional safety are based on serum creatinine levels after cryoablation. 

However, serum creatinine level is not a good indicator of renal function and it is 

influenced by factors such as race, sex and body mass index [15]. Although a direct serum 

creatinine clearance measurement was not regularly performed in our population, there 

was enough information to calculate eGFR before and after cryoablation, according to 

a recently validated formula [14]. Despite the limitations, this approach reflects more 

precisely the changes in renal function than a simple serum creatinine level measurement. 

According to eGFR more patients than previously suspected were deemed to have 

renal insufficiency, which might have affected ASA adscription and CCI score [11,12]. The 
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mean postoperative decrease in eGFR (7 mL/min/1.73 m2; 95% CI: 5–9) was statistically 

significant but hardly clinically relevant in our series. From those with eGFR ≥ 60 mL/

min/ 1.73 m2 at baseline, 15% were rendered moderately insufficient and only 13.3% of the 

preoperatively moderate CKD patients progressed to severe CKD. Although these data are 

consistent with published results [17,21], a progressive deterioration of renal function in 

the long-term cannot be ruled out. Not surprisingly, eGFR level at baseline was the only 

statistically significant predictor of renal insufficiency development after cyroablation, 

both in univariate and multivariate logistic regression models (i.e. patients with lower 

eGFR were found to be at a greater risk for renal insufficiency). Our data suggest that 

the comorbid conditions already present at the moment of the ablation may be more 

important than the renal damage caused by the cryoablation. 

The main limitations of the present study include the estimates used to assess renal 

function outcomes, the absence of 1-year serum creatinine measurements in all the 

initially treated patients and the presence of non-diagnostic biopsy in 22% of the tumours. 

A true GFR was not included in the prospective study and could have been cumbersome to 

assess in all patients. With respect to the second point, after excluding those re-treated or 

deceased during the first year, some patients had renal function assessed by their general 

practitioner or referring specialist. We chose to include only those assessments performed 

in our central laboratory to minimize variations in range and measurement. 

Although high, the non-diagnostic biopsy rate in our series does not exceed the 

reported figures in the literature for LRC (0 to 30%) [6,10,11,22–25]. This fact is justified by 

the small size of the tumours, the strictness of our diagnostic criteria and the interobserver 

variability among pathologists [26,27]. To overcome false conclusions in oncological terms, 

a separate analysis according to the diagnostic biopsy category was presented. 

In conclusion, LRC of SRMs has a low primary failure rate. The estimated 3-year OS 

and RFS were 86.1% and 91.8% for patients with documented RCC. These figures improve 

slightly when patients with non-diagnostic biopsy are taken into consideration. All failures 

or recurrences were salvaged by thermal ablation, partial or radical nephrectomy resulting 

in an actual CSS and MFS of 100%. Few patients with normal eGFR developed moderate 

renal insufficiency at 1-year. Baseline eGFR was the only predictor of postoperative renal 

insufficiency development.
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aBsTraCT

Background 

Low morbidity has been advocated for cryoablation of small renal masses. 

Objectives: To assess negative perioperative outcomes of laparoscopic renal cryoablation 

(LRC) with ultrathin cryoprobes and patient, tumour, and operative risk factors for their 

development.

 

Design, setting, and participants 

Prospective collection of data on LRC in five centres. 

Intervention: LRC. 

measurements 

Preoperative morbidity was assessed clinically and the American Society of 

Anaesthesiologists (ASA) score was assigned prospectively. Charlson Comorbidity Index 

(CCI) and Charlson-Age Comorbidity Index (CACI) scores were retrospectively assigned. 

Negative outcomes were prospectively recorded and defined as any undesired event during 

the perioperative period, including complications, with the latter classed according to the 

Clavien system. Patient, tumour, and operative variables were tested in univariate analysis 

as risk factors for occurrence of negative outcomes. Significant variables ( p < 0.05) were 

entered in a step-forward multivariate logistic regression model to identify independent 

risk factors for one or more perioperative negative outcomes. The confidence interval was 

settled at 95%. 

results and limitations 

There were 148 procedures in 144 patients. Median age and tumour size were 70.5 yr (range: 

32–87) and 2.6 cm (range: 1.0–5.6), respectively. A laparoscopic approach was used in 145 

cases (98%). Median ASA, CCI, and CACI scores were 2 (range: 1–3), 2 (range: 0–7), and 4 

(range: 0–11), respectively. Comorbidities were present in 79% of patients. Thirty negative 

outcomes and 28 complications occurred in 25 (17%) and 23 15.5%) cases, respectively. 

Only 20% of all complications were Clavien grade 3. Multivariate analysis showed that 

tumour size in centimetres, the presence of cardiac conditions, and female gender were 

independent predictors of negative perioperative outcomes occurrence. ‘Receiver operator 

characteristic curve’ confirmed the tumour size cut-off of 3.4 cm as an adequate predictor 

of negative outcomes. 
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Conclusions 

Perioperative negative outcomes and complications occur in 17 % and 15.5%, respectively, 

of cases treated by LRC with multiple ultrathin needles. Most of the complications are 

Clavien grade 1 or 2. The presence of cardiac conditions, female gender, and tumour size 

are independent prognostic factors for the occurrence of a perioperative negative outcome. 

inTroDuCTion 

The increasing incidental diagnosis of small renal masses [1] poses a clinical dilemma: 

Some recommend a watchful waiting policy, while others advocate active treatment [2]. 

Small renal masses may be benign or low-grade malignancy, but aggressive potential 

cannot be ruled out by means of radiologic examinations [3–5]. Although the accuracy 

of percutaneous biopsy has improved [6,7], indeterminate biopsies still exist and are 

subject to interobserver variability [6,8,9]. Furthermore, elderly patients with significant 

comorbidities are seeking counselling and, in some cases, active treatment [2]. Radical 

nephrectomy is overtreatment for most of these small masses and may prompt renal 

insufficiency in this already compromised population [10]. Partial nephrectomy (PN), 

which should be considered the treatment of choice, may not be an adequate first-choice 

treatment in this group of patients [11,12]. 

In an attempt to prevent side-effects and complications, ablative therapies are 

emerging as a viable option. Throughout the last decade, technical refinements resulted 

in smaller probes able to deliver the ablative energy efficiently. Ultrasound devices 

evolved, and, currently, intracavitary real-time monitoring of the ablative process is 

possible. Laparoscopic renal cryoablation (LRC) is the best studied of the ablation 

techniques; however, until enough long-term studies support its oncologic safety, the 

major argument to treat using LRC is its low complication rate. Besides institutional 

studies, only one multicentre retrospective series reported a low complication rate, 

mostly attributable to the cryoablation process [13–18]. Our objectives are to describe the 

negative perioperative surgical outcomes of cryoablation of small renal masses with third-

generation ultrathin cryoprobes and to assess possible patient, operative, and tumour risk 

factors for their development. 

maTerials anD meThoDs 

Consecutive patients treated using cryoablation from September 2003 to August 

2007 in five European centres were included in this study. The same surgical protocol was 

agreed for eventual data merge, and data were prospectively collected. 
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The only mandatory inclusion criterion was a solid, contrast-enhancing renal mass 

suspected for renal cell carcinoma. A largest tumour diameter of 4.0 cm was recommended, 

but there were no size limitations. Similarly, there were no age or comorbidity limitations, 

provided the patient was suitable for general anaesthesia. Watchful waiting and other 

surgical options were discussed in all cases, although most of the patients were specifically 

referred for cryoablation. 

surgical protocol 

The choice of the access route (retroperitoneal, transperitoneal, or open) depended on 

the surgeon’s preferences and on anaesthesia limitations. Regardless of the route, sufficient 

mobilisation of the kidney and perirenal fat to allow localisation of the mass and placement 

of the probes was carried out. Intracavitary real-time ultrasound was used to verify tumour 

location and diameters, the position of the cryoprobes, and the development of the ice ball 

during freezing. Cryoablation was performed using 1.47-mm (17-gauge) cryoprobes. Two 

types of cryoprobes, IceSeed and IceRod (Galil Medical, Tel Aviv, Israel), were used. IceSeed 

needles form a small ice ball of 19 x 10.5 mm in diameter, and IceRod needles form a larger 

ice ball of 41 x 16 mm in diameter (in vitro, for the 40 ºC isotherm). A tumour biopsy was 

taken during the procedure and prior to ablation. Ice-ball formation was monitored by 

intracavitary ultrasound until the whole tumour and approximately a 1-cm margin around 

were engulfed. Two freezing cycles separated by a thaw period were performed in all cases. 

After a second passive/active thaw, the probes were carefully retrieved, avoiding traction 

from the tissue. If necessary, haemostatic agents, compression, or stitches were used to 

control haemorrhage at the puncture sites. The number of thermal probes for monitoring 

temperature during the procedure was surgeon dependent. 

method 

Demographic data, comorbidity data, and American Society of Anaesthesiologists 

(ASA) scores were prospectively collected. Weighted and age-related comorbidities were 

retrospectively assigned according to the Charlson Comorbidity Index (CCI) and Charlson-

Age Comorbidity Index (CACI) [19,20]. For calculation of the CCI and CACI, the renal mass 

was not considered malignant, as pathology was still unknown in the preoperative 

period. Perioperative negative outcomes until day 30 after cryoablation were prospectively 

assessed and, when appropriate, retrospectively graded as complications according to 

the last modification of the Clavien criteria [21]. A negative outcome was defined as any 

undesired event, conversion to open procedure, complication, or deviation from the normal 

operative and postoperative course, sequel, or failure to cure [21,22]. Conversion to open 

surgery followed by cryoablation was recorded as a negative outcome [21]. Conversion to 
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open nephrectomy or PN was categorised as conversion but also as a complication. Other 

laparoscopic procedures than cryoablation were also considered complications. Patient, 

operative, and tumour characteristics were evaluated as predictors of negative outcome 

(Tables 1 and 2). 

A cardiac condition was defined as a history of cardiac insufficiency, aortic valve 

replacement or stenosis, atrial fibrillation, arrhythmia, angina pectoris, and acute 

myocardial infarction treated with or without percutaneous transluminal coronary 

angioplasty in regular controls by a cardiologist. Hypertension was defined as the need for 

at least one drug to control blood pressure, and obesity was defined as a body mass index 

>30. Renal insufficiency was defined as creatinine (Cr) >110 mmol/l and further classed 

into mild (Cr 111–200 mmol/l), moderate (Cr 201–300 mmol/l), and severe (Cr >301 mmol/l 

or dialysis). Access was classed in transperitoneal laparoscopy, retroperitoneoscopy, and 

open. Location of the tumour was defined as upper, mid-, or lower pole. 

statistics 

Incidence of negative outcomes and complications was expressed as a percentage 

over the total number of procedures. Spearman rank correlation was used to correlate 

categorical and ordinal variables. 

We defined the dependent variable ‘perioperative negative outcome’ as the presence 

or absence of a negative outcome during or after cryoablation up until 30 days. All cases 

were analysed by intent to treat. Univariable analysis was performed. Significant variables 

(p < 0.05) were entered in a step-forward multivariate logistic regression model to identify 

independent risk factors for one or more perioperative negative outcomes. The confidence 

interval was set at 95%. For statistical purposes, only the larger tumour was considered 

when two ipsilateral tumours were treated during the same procedure. Calculations were 

done using the 16.x Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA). 

resulTs 

Patient and tumour characteristics are displayed in Table 1. All masses were incidentally 

discovered, and one patient was under surveillance for von Hippel-Lindau syndrome. In 16 

cases, a functional or anatomic solitary kidney was treated. 

Comorbidity is described in Table 2. There was a good correlation between ASA score 

and CCI (r = 0.465, p < 0.001) or CACI (r = 0.546, p < 0.001). Hypertension was correlated 

with diabetes (r = 0.221, p < 0.007). ASA and diabetes were included in the univariate 

analysis but hypertension and CCI or CACI score were not. 
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Table 1 Patient, tumour and operation characteristics. 

Number of patients
Number of surgical sessions

144
148

Age (Median – range / Mean –SD) 70.5 (32-87) / 68 (± 12)  

Sex (Male / Female) 101 (70 %)  / 43    (30 %)

Number of tumors
Median Tumor size (cm)
1 to 3 cm 
3.1 to 4 cm 
> 4 cm

152
2.6 (1.0- 5.6)
115 (75.7%)
31  (20. 3%)
6     (4.%)

Side (Right / Left) 74 (48.7 %) / 78 (51.3 %)

Location: Upper pole
                Lower pole
                Mesorenal                

52 (34.2 %)
44 (28.9%)
56 (36.9 %)

Solitary kidney (%)*
Bilateral tumor **
Multiple tumors (maximum of 2) **

 16 (11%)
 5 (3.4%)
 3 (2%)

Laparoscopic approach ( Trans / Retro) 100 (67.6%) / 45 (30.4%) 

Pathology: RCC
                  Oncocytoma
                  AML
                  Non diagnostic 
                  Not performed ***

100 (65.8%)
18 (11.8%)
 5 (3.3%)
23 (15%)
 6  (4%)

AML = angiomyolipoma; RCC = renal cell carcinoma; SD = standard deviation.
* Contralateral nephrectomy was previously performed because of tumour 6 cases. Pathology showed RCC 
in 4 cases, AML in one case and oncocytoma in another case. 
* *Two patients had bilateral and multiple tumours. 
***Tumour biopsy was not performed in 5 cases and in one of the 2 tumors treated in a unique session in 
one patient with a previous nephrectomy for oncocytoma.  

 

No patient was on dialysis. For descriptive purposes, renal insufficiency was categorised 

as mild, moderate, and severe (Table 2). Because of the low prevalence of the moderate and 

severe categories, this variable was analysed as continuous (preoperative Cr levels). 

LRC was performed in 145 cases. In three cases, open cryoablation was performed, two 

because of an anaesthesia contraindication and one because of concomitant resection of 

an oesophageal carcinoma. In four cases, two ipsilateral tumours were treated in the same 

session. In our patients, bilateral tumours were treated in two different sessions. 
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Table 2 Patients Co-morbidities. 

median (range)

ASA
CCI
CACI 

2  (1-3) 
2   (0-7) 
4  (0-11) 

Comorbid condition number (%) 

HT
Cardiac conditions
Diabetis
COPD
Kidney insufficiency
       Mild 
       Moderate 
       Severe
Obesity (BMI > 30)
Anticoagulation *
Others ** 
Any type of co-morbidity 

28 (18.9)
45 (30.4)
23 (15.5)
19 (12.8)
49 (33.2) 
43 (29%)
 5  (3.4%)
 1  (0.7%)
14 (9.5)
26 (17.6) 
59 (40) 
117 (79)

* Distributed as follows: 13 patients (50%) received coumadin and 13 (50%) were on acetylsalicylic acid. 
** Other medical conditions than specified in the table, including 22 patients with history of previous 
cancers.   

IceSeed and IceRod cryoprobes were used in 129 (132 tumours) and 19 (20 tumours) 

cases, respectively (Table 1). The number of cryoprobes used correlated with the size of the 

tumour (IceSeed probes, p < 0.001; IceRod probes, p < 0.001). The median size of tumours 

treated with IceSeed probes (2.5 cm; range: 1.0–4.5) was statistically smaller (p = 0.004) 

than the size of those tumours treated with IceRod probes (3.3 cm; range: 1.8–5.5). Mean 

postoperative stay was 3 d (range: 1–32). 

Overall, 30 negative outcomes occurred in 25 cases (16.9%) during the perioperative 

period (Table 3). Mean tumour size was 2.55 ± 0.8 cm in those cases without negative 

outcomes and 3.22 ± 0.9 cm in those cases with one or more perioperative negative 

outcomes. The rate of negative outcomes varied amongst centres between 5% and 25.6%. 

There were four conversions to open cryoablation (Table 3). In two of them, tumour crack 

and bleeding was the cause. These two cases are further categorised as complications in 

Table 3. A further case of tumour crack and bleeding resulted in a laparoscopic partial 

nephrectomy (LPN) and categorised as complication (Table 3). Operative time was 

available in 127 patients. After excluding the three open cases, the four conversions, and 

the LPN (Table 3), median operative time for the uncomplicated LRC was 171 min (range: 

85–339). Overall, there were 28 complications in 23 cases (15.5%). Operative complications 
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occurred in 6 cases (4%) and postoperative complications in 18 cases (12%). Clavien grade 1, 

2, and 3 complications accounted for 50% (n = 14), 28.5% (n = 8), and 21.5% (n = 6) of all the 

perioperative complications, respectively. Overall, 26.6% (n = 8) of the negative outcomes 

occurred intraoperatively. Nine complications (30% of all negative outcomes) were 

attributable to the cryoablation. Three patients (2%) required blood transfusion (Table 3). 

No patient developed acute renal failure in the perioperative period. 

Table 3 Description, number and type of negative outcome in the perioperative period.  

Perioperative negative outcomes  no.
Type of negative out-
come (Clavien Grade 
for complications)

occurrence 
time

attributable 
to ablation 

Conversion to open cryo x hypercapnia
Conversion to open cryo x dense fat
Conv. to open nephrectomy x bleeding*
Conversion to open PN x bleeding*
Laparoscopic PN  
Eye lesion **
Skin burn **

1
1
1
1
1
1
2

Conversion  
Conversion 
Complication (IIIb)
Complication (IIIb)
Complication (IIIb)
Complication (I)
Complication (I)

Operative
Operative
Operative
Operative
Operative
Operative
Operative

No
No
Yes ●
Yes ●
Yes ●
No
Yes ●

UTI
AMI
Death x AMI
Fever + flank pain
Perirenal + flank haematoma
Perirenal haematoma (transfusion)  
Ileus
Pneumonia
Atrium fibrillation 
Wound dehiscence
Wound infection 

5
1
1
1
2
1
7
1
1
1
1

Complication  (II)
Complication  (IIIa)
Complication  (V)
Complication  (I)
Complication  (I) 
Complication  (II)
Complication  (I)
Complication  (II)
Complication  (II)
Complication  (IIIa)
Complication  (I)

Postoperative
Postoperative
Postoperative
Postoperative
Postoperative
Postoperative
Postoperative
Postoperative
Postoperative
Postoperative
Postoperative

No
No
No
Yes ●
Yes ●
Yes ●
No
No
No
No
No

AML = angiomyolipoma; cryo = cryoablation; LPN = laparoscopic partial nephrectomy; PN = partial 
nephrectomy; UTI = urinary tract infection. 
Operative negative outcomes occurred in 8 cases (26.6% of all negative outcomes). 
* Required transfusion. 
**Occurred during surgery and lasted in the postoperative period. Postoperative complications occurred in 
18 cases (73.4% of all negative outcomes).  
● Complications attributable to the cryoablation occurred in 9 cases (30% of all negative outcomes).  
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Table 4 Univariate analysis

Variables Tested regression
Coefficient 

standard 
error

odds 
ratio

95%
Confidence 

intervals

P
value

Gender1 -0.92 0.45 0.397 0.165-0.958 0.04

age (years) 0.00 0.02 1.003 0.967-1.040  0.89

asa category (1-3) - - - - 0.03

2 -1.12 0.80 0.328 0.069-1.559 0.16

3 0.31 0.70 1.360 0.342-5.404 0.66

Diabetes2 0.04 0.60 1.043 0.322-3.379 0.95

Cardiac condition2 1.13 0.45 3.081 1.275-7.442 0.01

obesity2 0.33 0.69 1.388 0.358-5.388 0.64

CoPD2 -0.61 0.78 0.542 0.117-2.511 0.43

anticoagulation2 0.76 0.51 2.129 0.783-5.790 0.14

Creatinine level (preoperatively) 0.00 0.01 1.003 0.994-1.012 0.53

Tumor location3 - - - - 0.87

Mid-pole -0.26 0.54 0.773 0.271-2.211 0.63

Upper pole -0.24 0.55 0.786 0.267-2.316 0.66

Tumor side4 0.80 0.47 2.231 0.897-5.552 0.08

Tumor size (cm) 1.090 0.31 2.972 1.631-5.415 <0.01

access (lap trans-lap retro-open)5 - - - - 0.72

Laparoscopic retroperitoneal 0.13 0.48 1.135 0.447-2.885 0.79

Open 1.66 1.44 5.250 0.312-88.334 0.25

number of needles 0.08 0.16 1.082 0.786-1.489 0.63

Type of needles 

(iceseed – icerod)6 1.19 0.53 3.291 1.157-9.359

0.03

ASA = American society of anasethesiologists; CI = confidence interval; COPD = chronic obstructive 
pulmonary disease; lap = laparoscopic; retro = retroperitoneal.
1Reference category: female; 2Reference category: affected patients; 3Reference category: lower pole; 4Reference 
category: right side; 5 Reference category: laparoscopic transperitoneal access; 6Reference category: IceSeed 

Table 5 Multivariate analysis

Variables regression
Coefficient 

standard
error odds ratio 95%Ci p value

Gender1 -1.09 0.50 0.335 0.126-0.889 0.03

Cardiac condition2 1.21 0.49 3.366 1.280-8.847 0.01

Tumor size (cm) 1.12 0.32 3.068 1.639-5.745 <0.01

Constant (b0) -4.56 1.01 0.010   <0.01
1Reference category: female; 2Reference category: affected patients; 
Hosmer and Lemeshow test: p=0.935
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figure 1 Receiver operator characteristic (ROC) curve derived from the logistic regression model presented   
                in Table V. 

The tumor size (cm) is a significant predictor of a negative outcome (area under the curve = 0.736 ± 0.058, 
95% CI: 0.622-0.850; p<0.001). A size cut-off of 3.4 cm has a sensitivity of 72% and a specificity of 70%. 

In the univariate analysis (including all 148 cases), ASA category, gender, the presence 

of a cardiac condition, tumour size in centimetres, and the type of cryoneedle were 

significant predictors of perioperative negative outcomes (Table 4). In the subsequent 

multivariate logistic regression analysis, including the significant predictors mentioned 

above, only gender, tumour size in centimetres, and the presence of a cardiac condition 

retained significance as independent predictors of a negative outcome occurrence (model 

presented in Table 5). 

A receiver operating characteristic curve analysis based on this model showed that 

the best tumour size cut-off to predict a negative outcome was 3.4 cm. This cut-off, in 

turn, showed the best trade-off between sensitivity and specificity, that is, 72% and 70%, 

respectively (Fig. 1). 
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DisCussion 

Complication rates between 5% and 30% have been historically described for LRC [13–

18] using a single cryoprobe. The retrospective nature of some series, the small cohorts, 

the overall lack of uniform parameters to evaluate the previously existent comorbidity, 

and the use of different classification systems to assess the severity of complications make 

it difficult to compare results and may lead to confusion. 

Demographic and operative data in our series do not substantially differ from other 

published reports [13–18,23–26] and confirm that patients offered LRC are older and have 

higher comorbidities than those treated with LPN or open nephrectomy [27]. Three-

quarters of the tumours included in the present work were 3.0 cm, 4% were >4.0 cm, and 

only two tumours were >5 cm, which reflects a prudential selection of those candidates for 

LRC. ASA scores in our series were similar to those reported for LRC, but CCI and CACI 

were lower [25], supporting a reasonable expectancy of life (>1 yr) in our population. 

In line with the literature, malignancy was confirmed in two out of three of the cases. 

Despite the hypothetical higher reliability of a visually directed sampling, nondiagnostic 

biopsies existed [25,28]. Those can be attributed to technical fault, error sampling, or 

interobserver pathologic variability [8,9]. 

Our overall rate of perioperative negative outcomes is slightly higher than the 

complication rate reported in the largest retrospective series [13]. A strict analysis of 

perioperative outcomes related to a given type of surgery entails that any deviation from 

the planned clinical course in the next 30 d should be considered a negative outcome. 

Negative outcome does not necessarily mean complication (eg, open conversion in case of 

planned laparoscopy), although complications fall into the category of negative outcomes 

[21,22]. Negative outcome rates varied amongst the different centres but remained within 

the ranges described in the literature. This confers to our series a more realistic figure 

on which kind of events can be expected during and around LRC. The complication rate 

in our series remains in the lower range of prospective series using single or multiple 

ultrathin cryoprobes [17,18,25]. 

Although the Clavien system was originally designed to categorise those complications 

occurring in the post-operative period, we considered the three cases of tumour crack 

and bleeding complications of the cryoablation procedure and graded them according to 

the severity and need for other surgical procedures than the one initially planned. Also, 

the three complications not directly related to the cryoablation but occurring during 

surgery were categorised according to the Clavien system because they did not prolong the 

postoperative period but persisted during the postoperative period. Grade 3 complications 

occurred in six of our cases (4%), equally distributed during the intraoperative and 
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postoperative periods. The rest of the complications were of low grade and appeared 

mainly in the postoperative period.

In contrast with the literature, the percentage of complications attributable to 

ablation is lower in the present series, which may reflect either the benefit of using thinner 

probes or the careful operative handling of the procedure. Although a high transfusion 

rate has been reported in some series using ultrathin probes [23,25], our low transfusion 

rate does not support those figures. 

Despite their fitness as comorbidity indices, CCI and CACI have limitations, and 

severe chronic conditions that may influence the postoperative course (e.g. chronic 

anticoagulation, renal insufficiency, or coronary disease) are not weighted. Therefore, 

other pre-existing morbid conditions were tested as risk factors in our study. Gender, ASA 

category, the presence of cardiac conditions, tumour size as a continuous variable, and 

the type of cryoprobes used were deemed significant risk factors for the development of 

a perioperative negative outcome in the univariate analysis. Once tested in a multivariate 

logistic regression model, only gender, the presence of cardiac conditions, and tumour size 

in centimetres remained independent prognostic factors for negative outcomes, allowing 

us to affirm that the presence of cardiac conditions determines around a 3-fold time risk 

of perioperative morbidity. For every centimetre of increase in tumour size, the risk of 

perioperative negative outcomes increases three times. The risk of perioperative negative 

outcomes is also increased about twice for women. The reason that type of needle used 

lacked significance in the multivariate logistic regression model may correspond to its 

correlation with tumour size and to the low number of cases treated by using the IceRod 

needles. ASA category may lose significance as a predictor when tested against the more 

refined variable of presence of cardiac conditions. 

These results underscore the importance of a careful evaluation of patients’ cardiac 

conditions and of tumour size when clinical advice has to be given on LRC. Finally, a 3.4-cm 

tumour size cut-off was found to predict a higher risk of perioperative negative outcomes.

Limitations of our work include the retrospective assignment of CCI, CACI, and 

Clavien classification and the absence of a strict upper tumour size limit as inclusion 

criteria; however, the low percentage of tumours >4 cm (4%) only marginally affects our 

results. Further definition of combined risk groups (eg, patients with cardiac conditions 

and tumours >3 cm or women with cardiac conditions and tumours >3 cm) was not 

possible because of the insufficient number of cases included for such purposes. 
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ConClusions 

Perioperative negative outcomes, including conversion, are seen in 17% of cases 

treated using LRC with multiple ultrathin needles. Complications according to the Clavien 

system occur in 15.5% of cases, although most of the complications are Clavien grade 1 or 2. 

Clavien grade ≥3 complications occur in 4% of cases. Only one-third of the complications 

are attributable to the cryoablation procedure. The presence of cardiac conditions and 

the tumour size in centimetres are independent prognostic factors for the occurrence of 

perioperative negative outcomes, while female gender entails a risk two times greater. A 

cut-off tumour size of 3.4 cm predicts, with reasonable sensitivity and a specificity of 70%, 

the occurrence of perioperative negative outcomes. 
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aBsTraCT

Purpose 

Assessing changes in quality of life (QoL) and perceived pain following laparoscopic 

assisted cryoablation (LAC) of renal tumours.

 

materials and methods 

Data of 57 patients treated with LAC were prospectively collected. QoL, divided into 

various domains, and postoperative pain were assessed using the Medical Outcome Study 

36-item Short Form Health Survey (SF-36), the European Organization for Research 

and Treatment of Cancer QLQ-C30 (EORTC-QLQ-C30) and Visual Analogue Scale 

(VAS). Assessment was done at baseline and different time intervals until one year after 

LAC. Using a repeated measures ANOVA the influence of the following parameters was 

evaluated: time of assessment, age, comorbidity, the occurrence of a complication, and 

tumour histology. 

results 

SF-36: At baseline only general health perceptions scored lower compared to the general 

population. Time of assessment and a complication did not affect QoL. Comorbidity 

and age >70 lead to a significant lower QoL. Tumour histology affected general health 

perceptions. EORTC-QLQ-C30: Time of assessment affected 7/15 domains due to lower 

scores after two weeks. Age and comorbidity each negatively influenced five domains. A 

complication increased three symptoms scores and lowered general health status. Tumour 

histology significantly altered role functioning. VAS: VAS reached a peak one day after 

LAC, then quickly declined. Patients >70 years had significant higher VAS.

Conclusions 

QoL of patients treated with LAC showed a decrease two weeks after surgery, but 

normalized to baseline within 3 months. Especially age and comorbidities negatively 

affected QoL. VAS showed a peak one day after LAC and then quickly declined.
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inTroDuCTion

Ablation therapies are receiving increased interest as an alternative treatment for 

small renal masses (SRMs). Randomized controlled trials comparing surgical and ablation 

treatments for SRM are currently lacking, but a recent meta-analysis showed similar 

progression free survival rates for partial nephrectomy, radiofrequency ablation (RFA) and 

cryoablation [1]. This makes quality of life (QoL) an important decision making factor for 

patients and physicians. 

Although several studies describe QoL after open partial and radical nephrectomy [2] 

and there is one report about QoL after percutaneous RFA [3], there is no data on QoL after 

cryoablation of renal tumours. In the current study we prospectively evaluated changes 

in QoL and perceived postoperative pain of patients treated with laparoscopic assisted 

cryosurgery (LAC) of a SRM and whether this is influenced by certain patient and tumour 

characteristics.

PaTienTs anD meThoDs

Data of all patients treated with LAC of a SRM were prospectively collected between 

September 2003 and February 2008. After taking intraoperative biopsies LAC was 

performed using an argon-based cryosystem and 17G cryoprobes (SeedNet GoldSystem, 

Galil, Tel Aviv, Israel). Patients were included with a minimum follow-up of one year. 

Patients that did not possess sufficient knowledge of the Dutch language were excluded. 

Patients receiving two treatments because of bilateral tumours were censored after the 

second cryoablation.

QoL was assessed using a generic and cancer-specific questionnaire: the Medical 

Outcome Study 36-item Short Form Health Survey (SF-36) [4-6] and the European 

Organization for Research and Treatment of Cancer QLQ-C30 (EORTC-QLQ-C30) [7,8]. 

For evaluation of pain severity a Visual Analogue Scale (VAS) was used [9]. 

Baseline questionnaires and VAS were completed one to three days prior to surgery. 

The SF-36 was completed three and nine months after LAC; the EORTC-QLQ-C3 two 

weeks, three months and one year after LAC. Pain severity was assessed at day one, two 

weeks and three months postoperatively. 

During the first postoperative outpatient visit two weeks after LAC, patients were 

informed about the histopathology and the proposed follow-up. Patients with a non-

diagnostic biopsy outcome received a follow-up as if the SRM was malignant. Further 

follow-up included cross sectional imaging studies at three, six, nine months and one year 

after LAC. 
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The influence of the following parameters was analysed: 

1. Time of assessment. 

2. Patients age. Categories: <60; 60 – 70; >70.

3. American Society of Anaesthesiologists (ASA) score [10]. Categories: 1; 2; 3.

4. The occurrence of a complication; intraoperative, and/or within 30 days after LAC. 

    Categories: yes; no.

5. Tumour histology. Categories: benign or malignant (including non-diagnostic

     biopsies). We estimated that tumour histology would not influence pain severity, so 

    its influence on VAS was not analysed. 

statistical analysis

Analyses were conducted using SPSS®16.0.2. To compare the scores at the different time 

intervals and evaluate the effect of the different parameters, a repeated measures ANOVA 

(mixed model) was used (variance-covariance structure: First order Autoregression). The 

assumptions of normally distributed residuals and equal variances were tested using the 

Shapiro-Wilks (W>0.90) and Levene’s test, respectively. When an assumption was violated, 

the scores were rank transformed. If multiple parameters showed a significant influence 

they were introduced into a multivariable analysis. 

At baseline, z-scores were calculated for each domain of the SF-36 to compare patients 

with age and sex-matched Dutch normative data. Differences between patients’ data and 

these nation-norm data were tested with the Wilcoxon signed ranks test.  

resulTs

During the study period 57 patients met the inclusion criteria; six did not. Clinical 

data are shown in table 1. Two patients showed residual tumour on the first imaging study 

and were retreated; they were excluded after re-treatment. During the study period five 

patients died of unrelated causes.

Table 2 shows the number of questionnaires and VAS completed, and the reason if they 

were not completed. Table 3, 4 and 5 show the scores at the different times of assessment 

for the SF-36, EORTC-QLQ-C30 and VAS respectively, including the effect of the different 

parameters. 
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Table 1 Clinical data

Patients, n (♂ : ♀) 57 (40 : 17)

age, yrs (mean, range)
Categories:
    <60 (n)
    60 – 70 (n)
    >70 (n)

66 (40 – 86)

16
19
22

asa 1 
         2 
         3

  8 (14.0 %)
31 (54.4 %)
18 (31.6 %)

Tumours, n 59*

Tumour size, cm (mean, range) 2.5 (1 – 4.5)

Tumour type, n (%):
      RCC
      Oncocytoma
      Angiomyolipoma
      No biopsy taken
      Nondiagnostic

38 (59.3 %)
  8 (13.6 %)
  2 (  3.4 %)
  2 (  3.4 %)
12 (20.3 %)

Complications: 12 in 10 patients, n
  - Conversion to open procedure due to hypercapnia
  - Urinary tract infection (UTI) 
  - Pain and fever 
  - Perirenal haematoma
  - Corneal eye lesion (due to insufficient closure
    during surgery)
  - Ileus
  - Atrial fibrillation 
  - Myocardial infarction (MI)
  - Death due to MI 3 weeks after LAC

1
3
1
2

1
1
1
1
1

*Two patients were treated with LAC for two ipsilateral renal tumours in one session.
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Table 2 Number of questionnaires and VAS completed during follow up

Baseline 1 day 2 weeks 3 months 9 months 1 year

EORTC-QLQ-C30 57 54 46 38

SF-36 56 45 26

VAS 56 53 54 45

R
ea

so
n 

no
t c

om
pl

et
ed

Unknown 1/1 3 3/2 2 2 2

Deceased* 2 4 5

Comorbidity** 2 3 2

Treated for residual tumour 1 2 2

Follow up elsewhere 3 5 4

Lost to follow up 1 1 1

Second cryoablation*** 3 3

Missed check up**** 10

* All deaths were unrelated to RCC.
** Due to comorbidities some patients were unable to come to the outpatient clinic for their regular check up.
*** After cryoablation of a second renal tumour in the contralateral kidney, these patients were censored.
**** These patients were allowed to miss the 9-month check up since the imaging study at 6 months 
showed no suspicious enhancement. 

figure 1 Box plots for the domains of the EORTC-QLQ-C30 at baseline and different moments after LAC.
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Only the domains are shown that were significantly affected by time. The thick black line represents the 
median value; the box the first and third quartile; the error bars the fifth and 95th percentile of the data. 
Circles and stars represent outliers.
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Table 5 VAS

Vas

Baseline 1 day 2 weeks 3 months
Effect of 

time

The effect of other parameters

median 
(range)

median 
(range)

median 
(range)

median 
(range)

Age ASA complication

0 (0 – 75) 31 (0 – 89) 6 (0 – 84) 0 (0 – 78) p < 0.001* p = 0.030* p = 0.523 p = 0.092

Vas 
completed 

(n)
56 53 54 45

* p < 0.05 (significant effect)

figure 2 Box plot of the VAS-scores at baseline and different moments after LAC

The thick black line represents the median value; the box the first and third quartile; the error bars the fifth 
and 95th percentile of the data. Circles and stars represent outliers. 

sf-36

Compared to the general Dutch population (the z-scores), at baseline only the general 

health perception of our patients was significantly lower.

Looking at the absolute scores of the SF-36, time of assessment and the occurrence 

of a complication had no significant effect on any domain. Age affected 5/8 domains; 

scores were significantly lower for the two older age categories. Patients with ASA3 scored 

significantly lower on physical functioning and general health perception than patients 

with ASA1 or 2. Patients with a malignant tumour showed a higher score on general health 

perception than patients with a benign tumour. 
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Table 5 VAS

Vas

Baseline 1 day 2 weeks 3 months
Effect of 

time

The effect of other parameters

median 
(range)

median 
(range)

median 
(range)

median 
(range)

Age ASA complication

0 (0 – 75) 31 (0 – 89) 6 (0 – 84) 0 (0 – 78) p < 0.001* p = 0.030* p = 0.523 p = 0.092

Vas 
completed 

(n)
56 53 54 45

* p < 0.05 (significant effect)

In a multivariable analysis age and tumour histology remained independent 

predictors for general health perceptions (p=0.001 and p=0.034 resp.), while there were no 

independent predictors for physical functioning.

eorTC-QlQ-C30

Time of assessment statistically significantly affected 7/15 domains of the EORTC-

QLQ-C30 (fig. 1). For all domains this was due to the scores two weeks after cryoablation; 

these were significantly lower for the functional domains and significantly higher for the 

symptoms. Age affected five domains; physical functioning was significantly lower for the 

oldest age group, while the four symptom scores were significantly higher. 

ASA had a statistically significant effect on 5/15 domains. The global health status 

was significantly higher for patients with ASA1 compared to ASA3. Patients with ASA3 

scored significantly higher on fatigue, nausea and vomiting and constipation compared 

to patients with ASA1 and 2. ASA3-patients scored significantly higher on dyspnoea than 

ASA2-patients (patients with ASA1 had an intermediate score). 

A complication statistically significantly affected global health status; scores being 

lower for patients with a complication. Additionally, there was a significant higher score 

on dyspnoea, loss of appetite and constipation in patients with a complication. Tumour 

histology significantly affected role functioning; scores were lower for patients with benign 

tumour histology.

In the multivariable model, there were no independent predictors of global health 

status, role functioning, fatigue or dyspnoea. For physical functioning both time and age 

were independent predictors (p=0.001 and p=0.004 resp.), and the same was true for pain 

(p=0.043 and p=0.029 resp.). Time and ASA were independent predictors for nausea and 

vomiting (p=0.014 and p=0.034 resp.), while age and ASA were independent predictors for 

constipation (a complication was not). 

Vas

Time of assessment had a significant effect on VAS (fig. 2). The highest VAS was reached 

one day after LAC and then declined, but remained significantly higher compared to 

baseline; at 3 months it had not returned to baseline levels. Age also had a significant effect 

on VAS; patients older than 70 years having significantly higher scores. The occurrence of 

a complication did not affect VAS.

In a multivariable analysis, both time (p<0.001) and age (p=0.037) were independent 

predictors.
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DisCussion

To assess the benefits of an intervention it is essential to provide evidence of the 

impact on QoL [11,12]. The SF-36 and EORTC-QLQ-C30 are two of the most widely used 

questionnaires and are proven to be valid, reliable and responsive to change [12]. The 

different times of assessment were chosen to capture the relevant changes in QoL: one 

at baseline, one just after surgery when incidence of complications is highest, and a final 

assessment for long-term effects. 

QoL and pain are personal, subjective, and may be influenced by many different 

factors. The number of parameters that can be analysed statistically is limited by the 

number of patients. We selected our parameters based on their objective and reproducible 

character, and their clinical significance. 

We compared the QoL of the patients in the current series with the QoL of the general 

Dutch population, and the SF-36 score on ‘general health perceptions’ was significantly 

lower. It seems plausible that this is caused by the awareness of the presence of a tumour 

in our patients. 

Time did not affect any of the SF-36 domains, but did significantly affect seven domains 

of the EORTC-QLQ-C30. Most probably this was due to the different timing of the first 

postoperative evaluation of the two questionnaires: two weeks after cryoablation for the 

EORTC-QLQ-C30 and three months after cryoablation for the SF-36. These different 

times of first postoperative assessment were chosen since the timeframe for the questions 

of the EORTC-QLQ-C30 is the past week and the past four weeks for the SF-36. It seems 

logical that two weeks after LAC patients still experienced the effects of surgery. After 

three months most domains of the EORTC-QLQ-C30 had returned to baseline levels, 

parallel to the SF-36. 

Age is known to influence QoL; normative samples report an age-dependent decrease 

in QoL in the general population [13]. This is confirmed in the current study: five domains 

of each questionnaire were negatively affected by high age. As commonly described in 

studies on LAC, our patients have a relative high comorbidity as represented by their ASA-

score. High comorbidity significantly influences QoL [13,14], also in our series: a high ASA-

score negatively influenced multiple domains of both questionnaires. 

Seventeen and a half percent of patients experienced a complication, the severity 

of which varied widely. We decided to assess whether the occurrence of any kind of 

complication lead to changes in QoL. Although none of the SF-36 domains were affected, 

four domains of the EORTC-QLQ-C30 were, including three symptom scores that were 

significantly higher. However, a complication was only an independent predictor for the 

symptom ‘loss of appetite’, suggesting the effect is mostly due to other parameters like age 

and ASA.
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Of tumours smaller than 4cm - eligible for LAC - 23% are benign [15]. This is due to 

the fact that preoperatively it is difficult to differentiate RCC from certain benign lesions 

using imaging or biopsies. Also in our series 17% of the tumours were benign. Since the 

diagnosis of cancer and the fear of recurrence can have a serious impact on QoL we 

assessed the influence of tumour histology. Although most domains were not affected, 

interestingly, a benign histopathology negatively influenced general health perceptions of 

the SF-36 and role functioning of the EORTC-QLQ-C30. What causes this is difficult to 

explain. However, neither of the two questionnaires is specifically aimed at assessing fear 

of recurrence. For this purpose, other questionnaires are better suited.

Figure 2 shows that at baseline VAS is not zero for all patients, which may seem strange 

since SRMs are usually asymptomatic. Comorbidity probably did not play a role here, since 

ASA did not significantly affect VAS. A possible explanation is a non-specific pain that 

ultimately led to the diagnosis of the kidney tumour: most SRMs are found incidentally 

during the work-up of non-specific symptoms like abdominal or back pain [16]. 

As expected VAS increased immediately after surgery, and then quickly decreased. 

Because of the minimal invasive character of the treatment we hypothesized that VAS 

scores would have normalized three months after treatment. However, there was still a 

significant higher VAS score at this point compared to baseline. This may be regarded as a 

limitation to this study. However, although VAS had not normalized after three months, 

this did not significantly affect QoL; the domains of both questionnaires had returned to 

baseline after three months. 

Age was also an independent predictor of VAS, with patients older than 70 years of age 

showing significantly higher VAS scores than younger patients. Consequently, in future 

more attention should be paid to pain management after LAC, especially in these older 

patients. 

A limitation to this study is the decreasing number of completed questionnaires and 

VAS during follow-up (table 2). To evaluate whether this significantly influenced results, 

we compared the baseline characteristics (age, ASA, tumour histology, complication) of 

the patients that had filled out the questionnaires to those that had not filled them out (at 

nine months for the SF-36 and one year after treatment for the EORTC-QLQ-C30) using 

a Pearson Chi-square test or Fisher’s Exact test (when cells had an expected count less 

than five). This showed no statistically significant differences except for the occurrence 

of complications; for both the SF-36 and EORTC-QLQ-C30 there were significantly more 

patients with a complication that completed follow-up (p = 0.047 and p = 0.004 respectively). 

Therefore, valid conclusions can be drawn, although the effect of a complication may be 

overestimated. 
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The large amount of statistical tests conducted in this study makes it prone to Type I 

errors. Of the 119 univariate tests, 32 show a statistically significant effect with α set at 5% 

(the current situation). If we lower α to 1%, still 21 of the tests show a statistically significant 

outcome, also confirming our results. 

It would have been interesting to compare QoL and VAS to the reference treatment, 

(laparoscopic) partial nephrectomy. A recent meta-analysis shows there is a selection bias 

in the clinical application of these techniques: ablative therapies are selectively applied 

in older patients with smaller tumours, whereas data on partial nephrectomy generally 

describes younger patients with larger lesions [1]. A matched cohort study would therefore 

be the most suitable to compare treatments.

Partial nephrectomy, RFA and cryoablation all have their own pros and cons, but from 

a QoL point of view we consider LAC certainly is a good option: even though the patients 

in the current study are of relative old age and have a high comorbidity, QoL returned to 

baseline levels within three months after treatment.
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aBsTraCT 

objectives

In renal cryosurgery the tumour is ablated in situ and follow up is mainly based on imaging. 

This study aims to describe the characteristics of cryolesions as seen on CT regarding 

size and enhancement patterns. Also, correlations between these imaging findings and 

histopathological diagnosis were studied.

methods

Forty-seven patients with a suspicious renal mass <4 cm underwent a laparoscopic 

cryoablation. Intra-operative biopsies were taken. Following cryosurgery, follow up was 

done with CT at 3, 6, 9, 12, 18, 24, 30 and 36 months. One radiologist reviewed the CT 

images, measured the diameter of the cryolesions and described enhancement patterns.

results

From 26 patients follow up data with CT with a minimum of 6 months was available. 

Mean tumour size was 2.4 (1.3 – 3.8) cm, and mean follow up time was 17.2 (6 – 36) months. 

One cryolesion showed residual tumour on the first scan after treatment. Of the other 25 

cryolesions 20% showed rim enhancement after treatment, including one also showing 

focal enhancement. This enhancement had disappeared within 6 months. All cryolesions 

showed non-enhancing infiltration of the perirenal fatty tissue. The mean diameter of 

the cryolesions decreased with 38% in 12 months. These results were independent of 

histopathological diagnosis.

Conclusions

Using computerized tomography rim enhancement is seen in 20% of cryolesions in the 

first 6 months after renal cryoablation. There is a mean reduction in the diameter of the 

cryolesions of 44% in the first year. These findings are independent of histopathological 

diagnosis.
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inTroDuCTion

Cryosurgery is increasingly used for the treatment of renal tumour smaller than 4 cm, 

whereby the tumour is ablated in situ by means of lethal freezing injury [1]. In contrast 

to partial nephrectomy, after cryoablation there is no surgical specimen to obtain a 

histopathological diagnosis and to check ‘ablative’ margins. Consequently, treatment 

outcome will have to be assessed differently. 

While some advocate postoperative percutaneous biopsies for assessing tumour 

destruction after ablation, the high rate of non-diagnostic biopsies and the insufficient 

accuracy of true cut biopsies and fine needle aspirations may preclude their routine use 

[2,3]. Conversely, since 23% of these tumours ≤ 4 cm turn out to be benign [4], intra-

operative biopsies before freezing are recommended to determine the correct diagnosis 

and to adapt follow up regimen.

The other option to assess treatment success and possible recurrences is the use of 

imaging studies like computerized tomography (CT) and magnetic resonance imaging 

(MRI) [5]. Irrespective of ablation technique, a successful ablation is defined as the absence 

of contrast enhancement [5]. Postoperative sequential MRI have shown that cryoablated 

renal masses (i.e. ‘cryolesions’) decrease in size and that peripheral rim enhancement after 

cryoablation is a common finding in the first months [6,7]. Newly developed enhancement 

was found to be related to local tumour progression [5].

CT is also used to monitor cryoablated renal tumours [5,8], however there is a lack 

of detailed description of the enhancement pattern and evolution of cryoablated lesions 

on CT. The aim of this study was therefore to describe the characteristics and evolution 

of cryolesions on contrast enhanced CT and its relationship with the histopathological 

diagnosis based on intra-operative biopsy outcome.
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meThoDs

Patients and cryoablation procedure

Between October 2003 and December 2006, 47 consecutive patients with a suspicious 

renal mass were treated with a laparoscopic assisted cryoablation. Each mass fulfilled the 

criteria on CT of a suspected renal malignancy ≤ 4 cm without metastatic disease. 

An argon-based cryosystem was used with 1.5 mm CryoNeedles® or IceRods® (Seednet 

Gold system™, Galil, Tel Aviv, Israel). Laparoscopic ultrasound was used to localize the 

tumour and monitor the freezing process. A double freeze-thaw cycle was performed; 

and each freeze cycle lasting approximately 10 minutes. The aim was to create an iceball 

that extends 1 cm beyond the tumour border, and/or to lower the temperature 0.5 - 1 cm 

outside of the tumour to at least -20°C; the latter was measured using thermosensors. 

Before freezing commenced biopsies were taken using an 18 gauge core biopsy system. 

follow up with CT

Irrespective of biopsy outcome all patients underwent follow up imaging according to 

the same schedule, preferably with CT; in case of renal insufficiency (with creatinine levels 

≥150 μmol/L) or contrast-allergy, MRI was used. Multiphase CT scanning was performed 

using a multidetector CT (Philips MX8000 4 slice scanner or a Philips Brilliance 64 slice 

scanner) at 3, 6, 9, 12, 18, 24, 30 and 36 months after cryoablation. Patients were scanned 

after a bolus administration of 100 ml iodixanol iv (Visipaque 320, Amersham) at 3 ml/sec. 

Cryolesion evaluation

Patients with a minimum follow up of 6 months were included in the study, and one 

radiologist (SP) reviewed all images. The maximum diameter of the initial tumours and 

of the cryolesions was measured. To be able to compare the development of the different 

cryolesions, the diameter of the cryolesion as measured on the first scan was considered 

100% (reference lesion), and the relative change in diameter on consecutive scans was 

calculated as a percentage of the reference lesion. The enhancement pattern of each 

cryolesion was determined (no / rim- / focal enhancement) and described (location and 

measurements). Enhancement was defined as an increase of 20 Houndsfield units or more. 

Peri-lesional infiltration into the perirenal fat was also noted, as well as other abnormal 

findings. 
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resulTs

Patient and tumour characteristics

Of the 47 treated patients, 26 were included in this study (17 men, 9 women, mean 

age 64 (51 – 79) years). Of the excluded patients, four had follow up with MRI because of 

renal insufficiency (n = 3), or a contrast allergy (n = 1). The other 17 patients did not have the 

minimum follow up of 6 months at the time of analysis. Each of the 26 patients included 

had a solitary tumour, with a mean size of 2.4 (1.3 – 3.8) cm in diameter and a mean follow 

up of 17.2 (6 – 36) months. The biopsy outcomes were as follows: 11 renal cell cancers 

(RCCs), 4 oncocytomas, 1 angiomyolipoma and 7 were non-diagnostic (i.e. normal kidney 

tissue or non-renal tissue). In 3 patients no biopsies were taken. 

enhancement pattern

Figure 1 shows a flowchart depicting enhancement patterns of the cryolesions during 

follow up. In all cases but one a cryolesion could be seen at the location of the original 

tumour. In one patient there was an incomplete tumour ablation with clear enhancement 

of approximately half of the initial tumour, and the other half ablated (fig.2). This patient 

subsequently underwent a nephrectomy; histopathology showed a RCC.

Of the other 25 cryolesions, 20 did not show any enhancement on the first CT scan. 

Four cryolesions showed rim enhancement, and 1 cryolesion showed both rim and focal 

enhancement. 

In one of the 4 cryolesion the rim enhancement formed a perfect circle of 2 mm thick 

around the cryolesion (fig. 3). In the other 3 cryolesions the rim was less well demarcated 

and formed a partial circle of 3 – 6 mm thick. The biopsy outcomes in these patients were as 

follows: one proven RCC, one oncocytoma, one had a non-diagnostic pathology outcome, 

and in one patient no biopsy was taken. In 3 cases the enhancement had disappeared on 

the 6 month-CT, and in 1 case on the 9 month-CT.  

One cryolesion (with a non-diagnostic biopsy outcome) showed both rim and focal 

enhancement (fig. 4). The focal enhancement was located at the medial side of the 

cryolesion and in some places reached halfway into the cryolesion. It was connected to the 

enhancement at the rim which was 2 mm thick. In the centre of this cryolesion one well 

demarcated focal area of enhancement of approximately 1 mm2 was seen on the first scan, 

and although the rim and larger area of focal enhancement had disappeared 6 months 

after treatment this small area remained visible and of the same size on 5 consecutive scans 

(1,5 years of follow up). 

There were no cryolesions that developed rim or focal enhancement which was not 

there on previous scans. 
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figure 2 Residual tumour

CT scan before and after cryoablation of the same patient. The scan on the right shows there is residual 
tumour.

figure 3 Rim enhancement

Rim enhancement in a cryolesion 3 months after cryoablation.

figure 4 Focal enhancement

Both rim and focal enhancement 3 months after cryoablation. Also, non-enhancing infiltration into the 
perirenal fat is visible (arrow).
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Cryolesion size

The mean diameter of the cryolesions on the first CT scan (3 months after cryoablation) 

was 2.7 cm, and the mean %-size reduction of the cryolesions compared to this is given in 

figure 1. The size reduction per individual cryolesion is shown in figure 5. 

The reduction in cryolesion size is similar for RCC and benign masses as shown in 

figures 6 and 7 where the cryolesions are stratified according to histopathological diagnosis. 

After six months there is a mean reduction of 32% for RCC and 24% for benign masses, and 

after 12 months this reduction is 46% and 52% respectively. The number of cryolesions was 

too small to apply sophisticated statistical analysis. 

As shown in figure 5, three cryolesions reduced to cortical defects; a proven RCC after 

six months (fig.8), an oncocytoma after nine months, and a mass with a non-diagnostic 

biopsy outcome after 18 months. 

Although most cryolesions in the non-diagnostic group show a similar trend in size 

reduction as the cryolesions in the RCC and benign groups, 3 cryolesions show a slower 

reduction in size and 1 is even stable in size during 36 months follow up. 

figure 5 Development of cryolesion size during follow up for the individual cryolesions

The open circles represent cryolesions of proven RCCs, open triangles represent cryolesions of benign lesions 
(oncocytomas or angiomyolipoma) and black squares tumours with a non-diagnostic or not taken biopsy. 
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figures 6 and 7 Malignant and benign cryolesions

Reduction in cryolesion size is plotted for the individual cryolesions and stratified by biopsy outcome; RCC 
and benign (oncocytoma or AML). The mean initial tumour size in the RCC-group (n=11) is 2.5 cm, in the 
benign group (n = 5) 2.1 cm.

figure 8 Cortical defect

Two CT images of the same patient. Left: 3 months after cryoablation the cryolesion of the left kidney shows 

rim enhancement. Right: 6 months after cryoablation only a cortical defect is left.
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other findings

All cryolesions showed unenhanced peri-lesional infiltration of perirenal fat (fig. 4), 

especially on the first scan. The extent of this infiltration reduced during follow up.

Three months after treatment one patient showed a large infiltration of the 

retroperitoneal fat of 7 x 8 x 4.5 cm, possibly indicative of necrosis. After 6 months the 

infiltration had reduced in size by approximately 50%. 

In the centre of the cryolesion of one patient (with a proven angiomyolipoma) a small 

hyperdense area of approximately 1 cm3 appeared 12 months after cryoablation, which was 

also visible on the plain CT before intravenous contrast. 

         

DisCussion

Cryosurgery is a relatively new treatment option, and consequently long term results 

are limited [5,8,9]. The available data indicate that treatment failure is usually seen in 

the first year after ablation. Therefore, it is common practice to perform 3 to 4 imaging 

studies during the first year, and subsequently lower the frequency. It is, however, not very 

clear how a recurrence will present itself on imaging studies, and certain findings can be 

difficult to interpret. 

Table 1

Tumours 
(n)

fu
(months)

initial 
enhancement*
(first 3 months)

enhancement 
resolved

newly developed 
enhancement?

Bolte [6] 18 6 - 48 7/18 (39%)
4/7 within 3 to 14 
months 
(3 awaiting follow up)

2 (after 7 & 10 
months)

remer [7] 22 12 9/18 (50%)

1 still enhanced 
after 6 months,
1 still enhanced 
after 12 months**

NA

* With ‘initial enhancement’ the enhancement is meant as seen on the first scan after cryoablation.
** It is unclear whether the cryolesion with enhancement seen after 6 months is the same as the cryolesion 
with enhancement seen after 12 months or whether this is newly developed enhancement.
Abbreviations: FU: follow up; NA: not available

enhancement pattern

Two other groups studied cryolesions in detail [6,7], although their analyses were 

based on MRI findings (table 1). In the current study 5 of the 25 cryolesions (20%) showed 

enhancement on the first CT scan after 3 months (excluding the one patient with clear 
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residual tumour). This enhancement disappeared up to 6 months later. The percentage 

of initially enhancing cryolesions is higher in the studies of Remer and Bolte compared to 

our CT findings, and also lasts longer (up to 14 months) [6,7]. However, MRI has a higher 

sensitivity for contrast enhancement than CT which might explain the difference. 

Our findings show that the presence of rim enhancement in the first months after 

cryoablation occurs relatively frequent and at least in our hands does not justify the 

systematic taking of biopsies; firstly, because of the spontaneous disappearance of this 

enhancement, secondly because of the inherent difficulty of obtaining biopsies from this 

tiny rim. Whether persisting enhancement on CT after 9 months is a sign of residual 

tumour cannot be concluded from our relatively small series. It is up to the treating 

physician to decide whether or not further measures should take place. 

Zhu et al have studied the phenomenon of rim enhancement within cryolesions 

[10]. They compared MRI findings to histological findings in a rabbit model 7, 45 and 

90 days after percutaneous cryoablation of normal kidney tissue. Enhancement of the 

peripheral areas of the cryolesions was seen at all three time points. The enhancement 

after 7 days was correlated to partial coagulative necrosis, probably caused by suboptimal 

freezing temperatures at the edge of the iceball. The enhancement after 45 days was 

histopathologically characterised by abnormal tubules and congestive vessels just outside 

the lesion, and after 90 days by vascular granulation tissue and dilatation of small vessels 

and capillaries. Possibly, these are also the events causing enhancement after cryoablation 

of human renal masses.

In one patient with a non-diagnostic intraoperative biopsy, an enhanced area of 1 

mm2 was completely stable in size during 18 months after cryoablation. The enhancement 

represents perfusion in this part of the cryolesion. However, since the area is located in the 

centre of the lesion (i.e. it is surrounded by unenhanced tissue) and has not increased in size 

we do not suspect this to be residual or recurrent tumour. Possibly, this area represents a 

few small blood vessels. Should this area increase in size, we would opt for a percutaneous 

biopsy to try to rule out tumour recurrence.

Cryolesion size

The cryolesions in the current study show an average decrease in diameter of 23% 

and 38% respectively 6 and 12 months after treatment when compared to the size of the 

cryolesion after 3 months. After the first year the cryolesions become more stable in size, 

with only limited size reduction in the following months.

As shown in table 2, other groups have also reported on the development of cryolesion 

size. Although quite variable, they also found a mean reduction in cryolesion size during 

follow up. Some groups used the cryolesion 1 day after treatment as the reference 
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lesion. We chose to make the first CT scan after 3 months since we expected that the 

reactive inflammatory effect and haemorrhage directly after treatment may influence the 

measured cryolesion size and possibly also the enhancement pattern. Since the average 

cryolesion size after 1 day is larger than after 3 months, this explains the higher relative 

reduction in size of the other studies compared to ours. In addition, it has been described 

that determining cryolesion size after 1 day is difficult due to varying amounts of reactive 

inflammation [6], which may explain the differences between the studies.

We re-calculated the data from the above mentioned studies by taking the size of the 

cryolesion after 3 months as the reference lesion (table 2) to be able to compare them to our 

data. Still there is a variation in size reduction. Possible explanations for this variation are 

the mean size of the initially treated tumours and/or of the ablated margin.

As shown in figure 6 and 7 the reduction in cryolesion diameter is similar for benign 

masses and proven RCC. Since the number of cryolesions per group is small, no statistical 

analyses were done. Gill et al. also looked at reduction in cryolesion size stratified by 

pathology outcome and did not find a statistical significant difference [13].

Four cryolesions in the non-diagnostic group showed a slower size reduction than the 

other lesions. One of them showed rim enhancement (only on the first scan) and was stable 

in size during 36 months follow up. The reason for the slower size reduction is unknown, 

but in the absence of enhancement there is no suspicion of recurrence. 

Twelve percent of the cryolesions reduced to a cortical defect after a mean follow up 

of 17.2 months. Remer et al. reported this to be 25% after 12 months and in the study of Gill 

et al. this is 18%; reaching 38% after 36 months [7,13]. Apparently there is variation in size-

evolution of cryolesions; some reducing to a cortical defect in the first year, others staying 

stable for 3 years. We did not see any cryolesions increasing in size, although mention of 

this has been made by others, even in non-enhancing cryolesions [5]. To our opinion, this 

should also prompt further investigation.

Tumours
(n)

fu
(months)

imaging 
technique

reference
lesion*

size-
measurement

%-size reduction ** recalculated 
%-size reduction***

6 months 12 months 6 months 12 months

remer [7] 20 12 MRI 1 day volume 84 94 - -

Gill [13] 60 36 MRI 1 day max.diameter 39 56 12 39

Cestari [11] 37 36 MRI 1 day max.diameter 59 73 30 55

Weld [12] 36 36 CT/MRI Pre-cryo max.diameter 0 19 12 29

Table 2

* Reference lesion: the (cryo)lesion taken to compare the other cryolesions to and  calculate %-size reduction with.
** %-Size reduction: the %-reduction in cryolesion size after 6 and 12 months compared to the reference lesion.
*** The recalculated size reduction: the %-size reduction if the cryolesion size 3 months after cryosurgery is taken 
as the reference lesion.
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other findings

All cryolesions in our study showed a certain amount of non-enhancing peri-lesional 

fat infiltration decreasing in size similar to the cryolesion itself. Remer et al. report about 

‘perinephric changes’ seen on early MRI images after cryoablation, and the International 

Working Group on Image-Guided Tumor Ablation mentions ‘inflammatory stranding in 

the acute period after ablation’ which possibly refers to the same phenomenon [7,14].

One patient showed a large infiltration in the retroperitoneal fat indicative of necrosis 

on the first scan after treatment. There is no clear explanation for this. 

In one patient in our study with an angiomyolipoma a very small hyperdense area 

appeared in the centre of the cryolesion on the plain CT after 12 months. We speculate 

that this area represents a calcification inside the cryolesion since this has also been 

seen by other investigators. For example, Zhu et al. also found calcifications in the 

rabbit cryolesions [10] and in a report from Jang et al. about three patients with a radical 

nephrectomy after cryoablation, all cryolesion were shown to contain calcifications [15]. 

Due to its higher sensitivity for detecting calcifications, CT will show more cryolesions 

with calcification compared to MRI [16]. 

limitations

There are some limitations to this study. Firstly, the relative small number of patients. 

Furthermore, the mean follow up time of 17.2 months is too short to be able to comment 

on recurrence on the long term. Since the accuracy of imaging is limited to approx. 2-3 mm 

by both spatial and contrast resolution a microscopic focus of tumour cells is impossible 

to determine [14]. Also, since most RCCs smaller than 4 cm are of low grade [4], it is to be 

expected that recurrent tumour after cryoablation appears after a longer follow up than 

17 months. While the lack of histopathological diagnosis in 10/26 renal masses may be an 

apparent limitation, this is common in most series of renal ablative treatments [17]. 

 

ConClusion

Of the 26 patients treated with cryoablation of a suspicious renal mass, 1 showed 

50% residual tumour and subsequently underwent a nephrectomy. Of the remaining 25 

cryolesions, 20% showed rim and/or focal enhancement during the first 6 months, which 

disappeared thereafter. They showed a mean decrease in maximum diameter of 38% after 

12 months compared to their size after 3 months. These imaging findings were independent 

of histopathological diagnosis.
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At the start of this PhD project in 2003, cryoablation was considered an ‘experimental’ 

treatment for small renal masses, and tumour ablative treatment was only performed in 

elderly patients, high-risk surgical candidates, and patients with impaired renal function or 

inherited forms of RCC. These initial cases showed that cryoablation has several advantages. 

For the surgeon, ablative therapies offer a less technically demanding minimally invasive 

alternative in the management of small renal masses compared with open or laparoscopic 

partial nephrectomy. For the patient, the advantages include a reduction in blood loss, 

shorter hospitalization, decreased postoperative pain, and a reduction in complication 

rates. This has lead to the introduction of cryoablation in the treatment algorithm of renal 

masses in both the European and American urological guidelines. 

The 2010 guidelines for RCC of the European Association of Urology (EAU) state 

“Patients with small tumours and/or significant co-morbidity who are unfit for surgery 

should be considered for an ablative approach, e.g. cryoablation or radiofrequency ablation 

(RFA)” [1]. 

The 2010 guidelines for T1 renal masses of the American Urological Association (AUA) 

[2] go one step further, and state that although partial or radical nephrectomy is the standard 

for T1 tumours (<7cm), cryoablation and RFA are ‘options’ in healthy patients. In addition, 

for patients with major comorbidities and/or increased surgical risk, cryoablation and RFA 

are a “recommendation” for T1a tumours (<4cm), and an “option” for T1b tumours (4-7cm). 

This thesis describes four aspects of renal cryoablation that needed further 

investigation in 2003: cryoprobe and thermosensor performance, histopathological 

diagnosis (biopsy results), clinical outcome, and follow up. 

10.1 Cryoprobe and thermosensor performance

When looking at cryoablation series in literature, the temperature reached during 

freeze cycles is almost never mentioned. Possibly, these centres do not even monitor 

intraoperative temperature. This might be because of the difficulty in truly mapping 

the temperature of the entire cryolesion and the ease of relying on the printed probe 

template supplied by the manufacturer [3]. However, as we and others [4] have shown that 

extrapolations of in vitro experiments to the in vivo situation have to be made with care 

(chapter 2). 

Even though there was a statistically significant difference between the performances 

of different cryoprobes, we hypothesize that this does not contribute to a clinically 

significant effect, especially since they are usually set up in a multiprobe configuration, 

which produces a more uniform isotherm than a single cryoprobe (chapter 2). 

Several studies have analysed correlations between patient/tumour characteristics 

and subsequent treatment failure. However, as far as we know no other studies have 
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reported on the effect of certain parameters on freeze rate or other intraoperative outcome 

measures as discussed in chapter 3. Of course, the most interesting question is whether 

such factors not only influence freeze rate and/or end-temperature, but also influence 

treatment outcome. For this, we need larger samples of recurrent or persistent disease 

data and longer follow up time. 

10.2 histopathological diagnosis

Non-diagnostic sampling is one of the most important problems in small renal masses 

(chapter 4). Although studies can contribute to finding the best biopsy technique, needle 

size, and optimum number of biopsies, a certain rate of non-diagnostic biopsies seem to be 

inherent to the nature of small renal masses. Additional or alternative methods of defining 

histology are necessary.

For laparoscopic cryoablation it is common to take intra-operative biopsies of the renal 

mass before freezing commences. We hypothesized that intraoperative postcryoablation 

biopsies might improve the ability of the pathologist to make a histopathological diagnosis. 

However, although a histological diagnosis was feasible and freezing effects were hardly 

noticeable, diagnostic accuracy did not improve (chapter 5). 

10.3 Clinical outcome

It would be helpful to be able to determine preoperatively which patients are the best 

candidates for cryoablation, i.e. who is at the lowest risk of complications and treatment 

failure. For proper patient and tumour selection, the following factors need to be addressed. 

10.3.1 Patient characteristics

Gender

Chapter 7 describes that the risk of a negative outcome is increased about twice for 

women. However, another study did not find a correlation between gender and risk of 

complications or failure to cure [5]. 

Comorbidity

Comorbidity is defined as any co-existing disease or condition that can affect the 

diagnosis, treatment, and prognosis for an index disease under study. Comorbidity is a 

negative prognostic factor for overall survival of patients with localized RCC, independent 

of age [6].  

In concordance with chapter 7, Vricella et al found a significant association between 

perioperative negative outcomes and the patients’ general comorbidity profile [7]. Our 
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study specifically attributed a higher risk to patients with a cardiac condition. However, a 

patient with a cardiac condition is not an ideal candidate for any surgical procedure. For 

this type of patient a percutaneous approach or active surveillance should be considered. 

Renal function

Patients undergoing partial or radical nephrectomy will have a 3-year probability 

of 20% and 65%, respectively, of developing chronic kidney disease (CKD) of any grade 

[8]. Therefore, a renal mass in a patient with renal insufficiency and/or a (functionally or 

anatomically) solitary kidney has an imperative indication for nephron sparing surgery to 

maximize renal function preservation [9]. 

Chapter 6 describes our functional results, showing that renal function was preserved 

in 84.5% of patients with normal preoperative eGFR. Analysis showed that baseline eGFR 

was the only predictor for developing renal insufficiency after 1 year of follow-up. In 

contrast to our results, Malcolm et al found a correlation between tumour size and the 

development of de novo CKD, in addition to the correlation with preoperative eGFR [10]. 

Turna et al compared the mean change in eGFR after LPN, LCA and RFA in a solitary 

kidney [11]. Although this study was non-randomized and selection bias may have skewed 

results, both ablation treatments offer renal function preservation that is equivalent to 

and possibly superior to PN. 

Quality of life

Many physicians (and possibly patients) still regard effects on QoL of minor 

importance when dealing with the treatment of cancer. However, the many treatment 

options for RCC have very individual side effect profiles which will in turn affect QoL in 

different ways. Research on the effects on QoL may enable healthcare professionals and 

their patients to choose the treatment based on their own, individual situation. 

The results of chapter 8 show that especially older patients and those with 

comorbidities experience a lower QoL during the first two weeks after surgery. In addition, 

older patients (>70 years) also experienced significantly more pain after surgery. 

10.3.2. Tumour characteristics

Tumour size

With increasing tumour size the risk of postoperative complications increases, and 

some suggest that cryoablation should be limited to tumours less than 3 cm in diameter 

[5,12]. Our own results show a 3.4-cm tumour cut-off predicts a negative outcome (chapter 

7). Sidana et al studied the complications occurring after percutaneous, laparoscopic 
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and open cryoablation, and found a 3.4-cm cut-off specifically for a higher chance of 

haemorrhage [5]. When treating larger tumours with a percutaneous approach the risk of 

postoperative complications may be lower [13]. Two reports noted that most complications 

during PCA are related to postoperative haemorrhages, which in turn is associated with an 

increased number of cryoprobes used for the ablation [7,14]. 

Tumour location

Tumour locations within the kidney can impose limitations on the ability to 

successfully and safely perform thermal ablative treatments. This is similar to the experience 

with partial nephrectomy, which is more difficult for central lesions. Endophytic tumours, 

especially those in close proximity to the renal hilum, are the most difficult to treat by 

cryoablation in terms of oncological efficacy [13,15,16]. This is probably due to difficulty 

with intraoperative targeting of endophytic tumours and the heat-sink phenomenon 

for tumours in close proximity of the renal hilum. In addition, hilar tumours are shown 

to cause significantly more haemorrhage compared with other tumour locations [17]. A 

recent article found that local failure was also significantly more common in upper pole 

tumours that were managed percutaneously [18]. In our multicentre study we did not find 

a correlation between tumour location and negative outcomes in the laparoscopic series 

(chapter 7). However, since our and other results are “hindered” by the low radiological 

recurrence rate (possibly due to the relative short follow up), this may alter in future. 

10.4 follow up

Surgical treatment of RCC by radical or partial nephrectomy provides well-established 

metrics for the definition of successful management. Pathological confirmation of RCC is 

obtained as well as margin status as an indicator of the completeness of excision. Thermal 

ablation therapies require alternative endpoints to measure treatment success. 

When first applying ablation therapies most hospitals performed numerous imaging 

studies during follow up since it was not known how and when residual or recurrent 

tumour would show itself. Performing three to four CT or MRI scans during the first year 

was no exception. These studies have lead to the two defining components of a successful 

ablation: loss of enhancement and decrease (or stabilization) in cryolesion size (chapter 9). 

However, (rim)enhancement in the first nine months after ablation is relatively common 

and usually disappears thereafter (chapter 9, [19]). Most studies show that residual tumour 

is discovered during the first year after ablation [20]. The timing of recurrent disease is more 

difficult to predict; longer follow up is needed for this. There is a need for clear consensus 

and evidence-based criteria for how or when post-treatment surveillance imaging should 

be performed. Furthermore, to be able to compare results between different institutions it 

is important that reporting standards are uniform [21]. 
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Routine posttreatment biopsy to define treatment success remains controversial. 

Weight et al [22] reported on the postablation biopsy outcomes in relatively large series 

of renal masses treated by either cryoablation or RFA, and compared them to the 

imaging results. Radiographic success after six months was 85% and 90% after RFA and 

LCA respectively; based on the biopsies this success was 64.8% after RFA and 93.8% after 

LCA. So the imaging results after cryoablation seem more reliable than those after RFA. 

Similarly, Gill et al performed postcryoablation biopsies in 63 patients, and found the only 

two with positive biopsies also had suspicious findings on the preceding MRI [23], so the 

additional value of these biopsies seems very limited after cryoablation.

10.5 Cryoablation vs other treatment options

To further define the position of cryoablation in the therapeutic armamentarium of 

small renal masses here a comparison of cryoablation with the other treatment options 

based on recent literature. When comparing different treatment options the following 

factors should be considered: oncological and functional outcome, complication rate, and 

secondly the costs and changes in quality of life after treatment. 

Cryoablation vs. partial nephrectomy

Partial nephrectomy (PN) is the gold standard for small renal masses. It is difficult 

to compare the outcomes of PN to cryoablation since no randomized controlled trials 

have been published. Furthermore, there is a significant selection bias in their application; 

a  meta-analysis showed that patients treated with partial nephrectomy are younger 

(60.1 years) and have larger tumours (3.4 cm on average) compared to patients treated 

with cryoablation (65.7 years, 2.6 cm) [24]. However, studies have shown an advantage of 

cryoablation over PN concerning blood loss, postoperative complications, operating time, 

renal function [11] and hospital stay [25,26]. Cryoablation also seems to have advantages 

when multiple tumours need to be treated, with patients treated by laparoscopic 

cryoablation (LCA) showing lower blood loss (125 vs. 200ml) and shorter hospital stay 

compared to the laparoscopic PN (LPN) group (52.3 vs. 90.0h)  [27]. 

Conversely, recent data suggest that surgical salvage of cryoablation-failures can be 

much more difficult than failures after LPN and that this is associated with significant 

complications [28]. This is possibly due to the fibrotic reaction within the perinephric 

space after cryoablation. However, the most common retreatment of cryoablation is 

repeated ablation. 
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Cryoablation vs. radiofrequency ablation

In contrast to cryoablation, RFA utilizes heat to ablate a tumour by transferring a 

high-frequency electrical current through needle electrodes into the target tissue. As one 

can see from the EAU and AUA guidelines, cryoablation and RFA are often mentioned 

together, and outcomes seem to be similar. Indeed, patients treated with RFA and 

cryoablation share similar demographics and selection criteria; however, there are some 

fundamental differences when comparing clinical results. 

Firstly, the approach; RFA is usually performed percutaneously, and cryoablation 

usually laparoscopically [24]. Most probably this has to do with the fact that the effect of the 

RFA cannot be made visible by intracorporeal ultrasound like the iceball in cryoablation. 

The type of physician applying the treatment also represents this difference in approach: 

laparoscopic approaches are performed by the urologist and percutaneous approaches by 

the interventional radiologist.

 Secondly, there is an increased occurrence of residual tumour and therefore 

number of retreatments after RFA (11.7%) compared to cryosurgery (4.6%) [24]. It is 

important to note, however, that the approach may be a relevant variable to consider here.  

When ablation studies were compared based only on approach, percutaneous studies 

had significantly higher incomplete ablation rates than laparoscopic studies (13% vs. 6% 

resp.) [29]. This pattern remains when percutaneous cryoablation studies are compared to 

laparoscopic cryoablation studies [17].

On the other hand, recent studies show that percutaneous RFA allows for a lower 

(major) complication rate and easier reablation than a laparoscopic approach, resulting in 

comparable final success rates after multiple ablations [28,30]. A literature review including 

755 patients treated with RFA of a small renal mass revealed a 86.9% success rate after one 

RFA session, and a final success rate (after a second or third session) of 93.8% [30].

A third distinctive difference when comparing the reports on RFA and cryoablation 

is the difference in known pathological results of the treated tumours. A meta-analysis 

showed that 42.8% of RFA series showed unknown or indeterminate pathology vs. 17.7% 

in cryoablation series [24]. Another meta-analysis, comparing surgical (i.e. laparoscopic 

or open procedure) to percutaneous renal tumour ablation (both RFA and cryoablation), 

shows that this may also be a consequence of the approach: biopsies were taken in 88% 

of surgical procedures, and 57% of percutaneous procedures [29]. In any case, the absence 

of known pathological results is a confounding factor when attempting to compare 

oncological outcomes. The category of tumours with unknown pathological results 

certainly includes a number of histologically benign lesions, thus, measures of treatment 

efficacy may be overestimated. 
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Overall, RFA and cryoablation are both well tolerated. Due to the difference in ablation 

technique one type of complication is rare in cryoablation and seen more common in 

RFA: injury to the collecting system leading to urinoma or ureteral strictures [31]. This 

is confirmed by experimental data where cryoinjury to the collecting system healed in a 

watertight manner without leading to urinary fistulas as opposed to RFA [32,33].

The true pros and cons of cryoablation and RFA will have to be investigated in 

randomized controlled trials. 

Cryoablation vs. active surveillance

Patients with incidentally discovered small renal lesions with a poor performance 

status are often excellent candidates for active surveillance. They require regular imaging 

follow up and defer invasive treatment unless or until their lesion demonstrates growth. 

A pooled analysis of small renal masses found a growth rate of 0.28cm per year, and if 

RCC, they have a very low rate of progression to metastatic disease during follow up and 

a low incidence of metastatic disease at presentation [34,35]. However, others have shown 

that in patients with localized RCC there is a small but significant risk of synchronous 

and metachronous metastatic disease and RCC-associated death [36]. A recent prospective 

study on active surveillance of 178 patients with 209 incidentally detected renal masses 

smaller than 4cm showed local tumour progression in 12% of patients and metastases 

in 1.1% (mean follow up 28 months) [37]. A major difficulty in most surveillance studies 

however is the lack of histopathological confirmation of malignancy.

Even if the risks of tumour progression are low, many patients are uncomfortable 

with the notion of leaving potentially malignant lesions untreated. They may experience 

significant anxiety and stress despite extensive physician counselling. In this patient 

population, renal ablation is a reasonable, less morbid option that offers patients the piece 

of mind of treatment while minimizing the risks. 

10.6 objectives for the future

Cryoprobe placement and intra-operative monitoring

Although the occurrence of residual tumours is low for cryoablation, it could be 

further lowered by precise cryoprobe placement, and more importantly, by better intra-

operative monitoring of the iceball and reached temperatures. 

Cryoprobe placement may be improved by real-time virtual ultrasonography. This 

technique allows the fusion of real-time ultrasound with preoperative CT-data allowing 

precise needle placement while reducing radiation exposure [38]. A promising method 

of intraoperative mapping of temperature is MR-thermometry [39]. These methods can 
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increase the accuracy of the clinical procedure, especially with the unpredictable heat-sink 

effect secondary to the random vascular distribution of the kidney [40]. 

In vitro and animal studies have been performed to try to improve the efficacy of local 

tumour destruction by combining cryoablation with other cell destructive therapies (i.e. 

chemo-, immuno- and antiangiogenic therapy) [41,42]. So far no clinical application has 

been shown in renal masses.

Additional or alternative methods of defining histology

For a long time a biopsy was not a ‘must’ in the diagnostic algorithm of renal masses. 

The indications for biopsy were dictated by local practice and investigative interest, or 

only performed to rule out metastasis of other malignancies, when a renal abcess was 

suspected or in the frame of metastatic disease to determine histological subtype. Beyond 

these indications they were not generally advocated mainly because of concerns about 

their accuracy [43]. 

There is an inverse relationship between tumour size and benign histology, thus 

smaller tumours are more likely to be benign [44]. Therefore, in patients receiving ablative 

treatment (indicated for tumours ≤4cm) the distinction between benign and malignant 

is especially important to reduce overtreatment and extensive radiographic follow up. 

Especially in the absence of final pathology a histological diagnosis prior to treatment is 

desirable and an increasing number of groups acknowledge this [43,45-47].

As stated earlier, non-diagnostic sampling when taking a biopsy is one of the most 

important problems in small renal masses and additional or alternative methods are 

necessary.

One of these methods could be optical coherence tomography (OCT). This technique 

allows 3-dimensional imaging using optical scattering of biological tissues; light directed at 

tissue is partially scattered back and partially absorbed depending on the optical properties 

of the tissue. This way a detailed image of the tissue can be obtained with a depth of 

1-2mm and a resolution of 10-30μm [48]. Although a preliminary ex-vivo study showed 

that distinguishing RCC from normal renal parenchyma is still difficult using OCT images 

[49], another report did show the ability of OCT to discriminate between the two by using 

the attenuation coefficient [50]. In vivo analysis will have to further investigate whether 

this technique can help the difficulty of determining histology of small renal masses.

A very interesting new development is that of molecular-specific optical contrast 

agents [51]. These agents consist of a ligand targeted to a known biomarker involved in 

carcinogenesis, which is conjugated to an optically active reporter. Optical imaging 

systems can then provide real-time visualisation of the histopathology on a subcellular to 

a whole organ level. For RCC most of this research is still experimental. 
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Patient selection

Many patients diagnosed with kidney cancer are >60 years and have multiple 

systemic diseases which may complicate surgical recovery [52]. Seeing the results regarding 

perioperative negative outcomes and QoL in older patients (especially those with 

comorbidities), they should be well counselled about advantages of active surveillance of 

small renal masses. At this point treatment of younger patients with cryoablation should 

be reserved as a secondary choice for highly motivated and well-informed individuals.

It has been repeatedly shown that ablation treatment is extremely effective in 

preserving renal function, so patients with already existing impaired renal function and/

or multiple renal masses remain ideal candidates. 

Laparoscopic vs. percutaneous

As mentioned above, most renal cryoablations are performed laparoscopically. As 

experience is gained, we will see a trend towards the percutaneous approach in an effort 

to be even more minimally invasive. This will also mean a transfer from the urologist to 

the interventional radiologist [53]. Collaboration between the two is recommended to 

combine the expertise of the radiologist with the imaging guided needle placement and 

the experience of the urologist in patient selection, post-procedure care and follow up.

In contrast to a laparoscopic cryoablation (LCA) a percutaneous cryoablation (PCA) 

can be performed in an outpatient setting under local anaesthesia and conscious sedation 

instead of under general anaesthesia. It has to be mentioned however, that although 

local anaesthesia leads to a shorter convalescence, general anaesthesia does provide more 

accurate needle position by decreasing patient movement and controlling respiration [54]. 

Furthermore, PCA seems to be less costly than the laparoscopic approach, mainly due 

to operating room expenses and long hospital stay in laparoscopic cryoablation [55,56]. 

However, a major drawback of all comparative cost studies is the different methodology, 

the small sample sizes, variations in costs included, and local factors (e.g. the costs for 

laparoscopy) making true comparisons extremely difficult. 

The optimal imaging method

Patients who opt for thermal ablation must understand the need for continued 

radiologic surveillance. The standard follow up of ablated tumours is done using serial 

cross-sectional imaging with CT or MRI. They both provide high resolution visualization 

of the cryolesion and, more importantly, of its blood flow (the enhancement). 

Optimal imaging of a renal tumour with CT requires represent a significant radiation 

exposure. Speculations are that the current use of CT may be responsible for up to 2% of 

cancers [57]. Furthermore, the nephtoxicity of iodinated contrast media is a problem in 
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patients with impaired renal function, and a certain percentage of people is allergic to 

contrast. 

MR imaging also has some limitations. It is contraindicated in patients with an 

implanted arthroprosthesis or pacemaker, and movement artefacts in poorly cooperating 

patients also limit its use. Moreover, major concerns have been raised regarding 

nephrogenic systemic fibrosis which may be associated with the use of gadolinium-based 

contrast agents in patients with chronic renal failure [58]. 

An inexpensive, readily available, non-nephrotoxic and non-invasive imaging 

technique with the ability to detect residual disease early after cryoablation would 

therefore be of great help. In this context, there may be a role for contrast-enhanced 

ultrasonography (CEUS). 

Ultrasound contrast agents consist of gas-filled microbubbles with a diameter smaller 

than a red blood cell which are injected intravenously [59]. In this way, real-time imaging 

of the (micro-)vasculature is possible. Since ablation treatments rely on the destruction of 

tumour-nourishing vessels (besides of course the tumour itself), CEUS makes it possible to 

assess the (absence of) perfusion in the ablated area. Follow up studies on CEUS after RFA 

show promising results [60-62]. In a feasibility study Wink et al [63] showed this technique 

can indeed be used to describe perfusion defects after cryoablation, and currently its 

potential role during follow up is under investigation. 
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summary

This thesis describes four aspects of renal cryoablation: (1) the in vitro and in vivo 

performance of the cryoprobes, (2) the histopathological diagnosis of the renal masses 

treated by cryotherapy based on intraoperative biopsy results, (3) the clinical outcomes of 

renal cryoablation in terms of perioperative complications, intermediate oncological and 

functional results and QoL, and (4) radiological follow-up.

1. Cryoprobe performance

In renal cryosurgery one or multiple cryoprobes are used to destroy the tumour 

during two freeze cycles. It is critically important that each of these cryoprobes deliver 

a constant and predictable performance during each freeze cycle, so that the physician 

is sure the entire tumour is ablated. In chapter 2 we tested the performance of 17G 

cryoprobes and thermosensors in vitro. Cryoprobe performance was defined as the time it 

takes one cryoprobe to lower the temperature from 0 to -20° Celsius as measured by four 

thermosensors each at 3mm distance from the cryoprobe. It enabled us to analyse both 

measuring variations of the thermosensors and freezing variations of the cryoprobes; both 

between different cryoprobes and between different freeze cycles of individual cryoprobes. 

To investigate the influence of the freezing medium on performance, the cryoprobes 

were tested in two mediums: agar and gel. Furthermore, cryoprobe performance in gel 

was measured using more accurate ‘bare’ thermosensors, since the metal casings of the 

thermosensors may also influence temperature measurements. Lastly, since in the clinical 

setup 17G cryoprobes are used in a multiprobe configuration, they were also tested in such 

a setup.

Our results show that one cryoprobe will deliver a reproducible performance during 

each freeze cycle. However, between different cryoprobes there is a statistically significant 

variation in performance, both in agar and gel. The mean performance in gel was 1.8 times 

faster in gel than in agar. In both mediums there was a significant difference between the 

four thermosensors in measuring cryoprobe performance. Mean cryoprobe performance 

in gel as measured by two bare thermosensors was a factor 2.7 faster compared to the 

performance measurements by regular thermosensors. In a multiprobe configuration, 

overall performance is less variable and more reproducible compared to a single cryoprobe. 

In conclusion, the performance of cryoprobes differs depending on the medium 

and measuring device used. Individual cryoprobes deliver reproducible freeze cycles. 

Although there is a statistically significant variation between the performances of different 

cryoprobes, most probably this does not affect clinical effectiveness. Moreover, in a 

multiprobe configuration performance between cryoprobes is less variable. 
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In chapter 3 we aimed to identify clinical parameters or factors that may influence 

the freeze rate of cryoprobes in a multiprobe setup. To fulfil this objective we analyzed the 

procedural data of the first 70 cryoablations of renal tumours in 67 patients. Based on the 

intraoperative biopsy result, two groups were identified: those with biopsy proven renal-cell 

carcinoma (RCC) or undetermined (non-diagnostic) biopsy and those with benign masses. 

We calculated the intraoperative freeze rate in both groups and compared them. Finally, 

we performed a univariate and multivariate analysis to identify clinical parameters that 

significantly influenced freeze rate. The following variables were analyzed: patients age, 

gender, and American Society of Anaesthesiologists (ASA) score, preoperative creatinine 

level, the presence of cardiopathy, hypertension, diabetes mellitus, or chronic obstructive 

pulmonary disease (COPD), the use of anticoagulants, the location of the tumour (right/

left kidney, and upper/middle/lower pole), and tumour size.

Of the 56 procedures that met the inclusion criteria, 48 were included in the RCC 

group (39 RCC and 9 lesions non-diagnostic on histopathology) and 8 in the benign group. 

There was no statistically significant difference between the freeze rates of the two groups. 

In the univariate analysis preoperative creatinine levels >120 μmol/L, ASA score 3, diabetes 

mellitus, and the location of the tumour in the lower pole significantly increase freeze rate. 

Freeze rate was only lowered by the presence of COPD. In the multivariate analysis, the 

presence of diabetes mellitus and the location of the tumour in the lower pole were the 

only independent predictors for an increased freeze rate.

In conclusion, freeze rate can be negatively or positively influenced by patient and 

tumour characteristics. Whether this also has consequences for oncological outcome has 

to be further examined.

2. histopathological diagnosis based on intraoperative tumour biopsy 

Since in renal cryosurgery the tumour is ablated in situ there is no surgical specimen for 

pathological examination and therefore the histopathological diagnosis relies exclusively 

on biopsies. A considerable number of small renal masses are benign, so accurate diagnosis 

has important prognostic and follow up implications. Unfortunately, approximately 20% 

of core biopsies are non-diagnostic, i.e. the pathologist cannot make a diagnosis due to 

an insufficient amount of tissue or erroneous sampling of necrotic/fibrotic or normal 

renal tissue. In chapter 4 we investigated whether there are certain tumour and/or biopsy 

characteristics that can predict biopsy outcome.

From 100 tumours < 4.5cm in 94 patients intraoperative biopsies were obtained 

before cryoablation. The following parameters were statistically evaluated for predicting 

biopsy outcome: tumour size, location and exophytic part of the tumour, presence of non-

enhancing areas inside the tumour (indicative of necrosis) on CT/MRI, size of the biopsy 

needle, the number of biopsies taken, and the quality of the biopsies. 
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Twenty-two percent of biopsies were non-diagnostic. There were no significant 

differences in parameters between the diagnostic and non-diagnostic group. There was 

a positive correlation between tumour size and number of biopsies, and between the 

presence of non-enhancing areas and both biopsy needle size and number of biopsies 

taken.  

The conclusions that can be drawn from this study are that in real life and in the 

absence of a protocol determining a fixed number of biopsies per tumour, more biopsies 

are taken from larger tumours, and that larger tumours contain more non-enhancing 

areas indicative of necrosis. However, since none of the parameters were correlated to a 

non-diagnostic biopsy, the rate of non diagnostic biopsies is most likely inherent to the 

difficulties encountered in sampling small renal masses. 

The intraoperative biopsies taken during laparoscopic renal cryoablation are obtained 

from the tumour just prior to the actual ablation. This can have some negative side 

effects for the procedure. For example, the bleeding that occurs after taking a biopsy may 

interfere with the correct placement of the cryoprobes, and the puncture site could be a 

point of origin of a capsular tear or tumour fracture after ablation. At least hypothetically 

it can also lead to needle-tract seeding. In chapter 5 we investigated whether taking the 

biopsies straight after the ablation (so effectively taking biopsies of the frozen tumour) 

could lower complication rate without influencing the ability of pathologists to make a 

correct diagnosis. 

To investigate this we took both pre- and postcryoablation 18 Gauge biopsies of 21 renal 

tumours in 20 patients. They were processed separately and firstly evaluated simultaneously 

by the institutional uropathologists. Secondly, the randomly arranged slides of the pre- 

and postcryoablation biopsies were evaluated by two other uropathologists who were 

blinded to the moment of biopsy taking. They were asked to give the histopathological 

diagnosis and whether they thought the biopsies were taken pre- or postcryoablation. 

Evaluation included tumour subtyping and assessing Fuhrman grade in case of clear cell 

or papillary subtype RCC. The diagnostic yield of the pre- and postcryoablation biopsies 

and interobserver agreement were calculated.

The results showed that 75–81% of the precryoablation biopsies was correctly labelled 

‘precryo’, and 48% of the postcryoablation biopsies as ‘postcryo’. The diagnostic yield of 

the three pathologists for precryo biopsies ranged between 67% and 71%, and between 

48% and 71% for postcryo biopsies (not statistically different). When combining both types 

of biopsies, the overall diagnostic yield was 81% for all pathologists. The interobserver 

agreement was almost perfect for precryo biopsies, and substantial for postcryo biopsies. 

No complication occurred during or after any procedure; specifically no significant 
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bleeding occurred after any biopsy. No needle-track seedings were noted, although follow 

up was relatively short for such evaluation.

In conclusion, this study shows that it is feasible to obtain histopathological diagnoses 

from postcryoablation biopsies with a diagnostic yield and interobserver agreement 

similar to precryoablation biopsies.

3. Clinical outcome 

Cryoablation technology has evolved over the years. For example, in first and second 

generation cryosystems liquid nitrogen was used as a freezing agent, while in third-

generation cryoprobes pressurized argon gas is used for freezing. This transition permitted 

a decrease in cryoprobe diameter to 1.47mm (17Gauge). These smaller cryoprobes are easier 

to introduce into the kidney, minimize bleeding from the puncture tract, and reduce the 

risk of renal fracture. However, the ablation zone of a single cryoprobe is smaller therefore 

needing to insert multiple cryoprobes. Safety has been clinically proven, but concerns on 

efficacy of those small cryoprobes may exist.  Several series have been published on the 

results of patients treated with large calibre cryoprobes, but mid and long term results 

are still scarce and most reports are retrospective. In chapter 6 we present mid term, 

functional and oncological results of patients exclusively treated with third generation 

17G cryoprobes.

We analyzed the data of 92 patients with 100 tumours treated in 95 sessions using 17G 

cryoprobes; type IceSeed (80%) or IceRod (20%). The mean follow up period of the cohort 

was 30.2 ± 16.5 months. General patient and procedural data, pathology outcome, renal 

function (based on serum creatinine and estimated glomerular filtration rates (eGFR)), 

imaging records (using CT or MRI), overall survival (OS), disease/recurrence free survival 

(D/RFS) and cancer specific survival (CSS) were assessed. 

Median age of the treated patients was 69 years (38.8-91.3). Mean tumour size was 2.5± 

0.8 cm, and intraoperative biopsies showed 53.7% was RCC, 24.2% was benign, and 22.1% 

was nondiagnostic. The median number of cryoprobes used was 5 (3-8) in case of IceSeeds, 

and 3 (2-4) in case of IceRods. Renal function (eGFR) one year after ablation showed a 

preservation of renal function in 84.5% of those patients with a normal pre-ablation eGFR. 

In a multivariate analysis the only risk factor for eGFR-worsening was the previous eGFR. 

Tumour persistence at three months occurred in three cases (all RCC). Four radiological 

recurrences (all RCC) were detected during follow up at a median time of 23 (6-37) months. 

All these patients received additional treatment (RFA, radical or partial nephrectomy) after 

which they showed no suspicious radiological enhancement. The estimated mean RFS 

time and 3-year OS and RFS of patients with RCC was 47.8 months, 86.1% and 91.8%, 

respectively. These numbers were slightly higher in the group of patients including both 
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RCC and unknown (nondiagnostic) tumour pathology. The CSS and DFS was 100% since 

none of the deaths were related to RCC and no patient developed metastatic disease 

during follow up.

This study shows that laparoscopic cryoablation of small renal masses using 17G 

cryoprobes has a low primary failure rate and good functional outcome at mid term follow 

up. 

Chapter 7 shows the combined results using 17G cryoprobes for laparoscopic renal 

cryoablation of five European centres. Here the emphasis lies on patient characteristics 

and complication rate to identify risk factors for a negative outcome.

Demographic data, comorbidity data, and American Society of Anaesthesiologists 

(ASA) scores were prospectively collected. Weighted and age-related comorbidities were 

retrospectively assigned according to the Charlson Comorbidity Index (CCI) and Charlson-

Age Comorbidity Index (CACI). A negative outcome was defined as any undesired event, 

conversion to an open procedure, complication or deviation from the normal operative 

or postoperative course, sequel or failure to cure. Perioperative negative outcomes until 

30 days after cryoablation were graded according to the Clavien criteria. A uni- and 

multivariate analysis were performed to identify independent risk factors for a negative 

outcome.

A total of 144 patients were treated during 148 surgical sessions for 152 tumours. 

Median tumour size was 2.6 (1.0-5.6) cm, of which biopsies showed 65.8% was RCC, 

15.1% benign pathology, and 15% was non-diagnostic (in 4% no biopsy was performed). 

Median ASA, CCI and CACI of patients were 2 (1-3), 2 (0-7), and 4 (0-11) respectively. Renal 

insufficiency, cardiac conditions, hypertension and COPD occurred in 33.2%, 30.4%, 18.9% 

and 12.8% of patients respectively, and 17.6% used anticoagulation regularly. Overall, 30 

negative outcomes occurred in 25 cases (16.9%). Clavien grade 1, 2, and ≥ 3 complications 

accounted for 50%, 28.5%, and 21.5% of all perioperative complications, respectively. Nine 

complications (30%) were directly attributable to the cryoablation. In the univariate 

analysis, ASA score, gender, the presence of a cardiac condition, tumour size, and the 

type of cryoneedle were significant predictors of negative outcome. In the subsequent 

multivariate logistic regression only gender, tumour size and the presence of a cardiac 

condition retained significance as independent predictors of negative outcome. A 3.4-cm 

tumour cut-off was found to predict a higher risk of perioperative negative outcomes.

These results underscore the importance of a careful evaluation of patients’ 

cardiac condition and of tumour size when clinical advice is given on laparoscopic renal 

cryoablation. 
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Several interventional options exist for the treatment of small renal masses, namely 

laparoscopic or open partial nephrectomy, radiofrequency ablation and cryoablation. 

Active surveillance is emerging as a viable option in those patients with increased surgical 

risk. To be able to compare different therapies not only oncological and functional 

outcomes are important, but also the effect the therapy has on patients’ quality of life 

(QoL). Since no such data existed for patients treated by cryoablation, in chapter 8 we 

prospectively evaluated changes in QoL and postoperative pain in our series of patients. 

QoL was assessed using the Medical Outcome Study 36-item Short Form Health 

Survey (SF-36) and the European Organization for Research and Treatment of Cancer 

QLQ-C30 (EORTC-QLQ-C30). Pain severity was evaluated using a Visual Analogue Scale 

(VAS). Baseline questionnaires and VAS were completed before cryosurgery. The SF-36 was 

completed 3 and 9 months after cryosurgery; the EORTC-QLQ-C30 2 weeks, 3 months, 

and 1 year after cryosurgery. Pain severity was assessed at day 1, 2 weeks, and 3 months 

postoperatively. The influence of the following parameters was statistically analyzed: 1) 

time of assessment, 2) patient age, 3) ASA score, 4) the occurrence of a complication, and 5) 

tumour histology based on intraoperative biopsy. 

The questionnaires and VAS of 57 patients with a total of 59 tumours were included in 

this study. Their age was as follows: younger than 60 years n=16; 60 to 70 years n=19; older 

than 70y n=22. Eight patients were ASA 1, 31 ASA 2, and 18 ASA 3. Biopsies showed 59.3% of 

tumours was RCC, 17% was benign, and 20.3% was non-diagnostic (in 3.4% no biopsy was 

taken). Overall, 12 complications occurred in 10 patients. The SF-36 analysis showed that 

compared with the general Dutch population only the general health perception of our 

patients were significantly lower, with age (older than 70 years) and tumour histology (RCC) 

as independent predictors. Concerning the EORTC-QLQ-C30, both time (2 weeks after 

surgery) and age older than 70 years were independent predictors of decreased physical 

functioning and pain. Time (2 weeks) and ASA 3 were independent predictors for nausea 

and vomiting, and age >70years and ASA 3 were independent predictors for constipation. 

The highest VAS score was reached 1 day after surgery and declined thereafter, however 

it had not returned to baseline levels after 3 months. Both time (1 day) and age >70y were 

independent predictors for a high VAS score. 

This study shows that QoL of patients treated with laparoscopic renal cryoablation 

shows a relative decrease two weeks after surgery, which has normalized after three 

months. Age and comorbidities (reflected in the ASA score) especially affect QoL negatively. 

VAS showed a peak one day after surgery, especially in patients older than 70 years.  
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4. radiological follow up

As stated earlier, in cryosurgery the renal tumour is ablated in situ. This means that 

there is no surgical specimen to obtain a histopathological diagnosis and to check ‘ablative 

margins’. Treatment success therefore is determined by the use of imaging techniques 

such as CT and MRI. Chapter 9 describes the characteristics and development of so called 

‘cryolesions’ on contrast-enhanced CT images and its relationship with the intraoperative 

biopsy outcome. 

The contrast-enhanced CT images of 26 patients with a follow up of ≥6 months 

were analyzed by one radiologist. A CT was performed preoperatively, and 3, 6, 9, 12, 18, 

24, 30 and 36 months after cryoablation. The diameter of the cryolesion was measured, 

enhancement patterns were described, and other abnormal findings were noted.

The mean follow up of the patients was 17.2 (6-36) months. Mean tumour size was 2.4 

(1.3-3.8) cm, with biopsies showing 11 RCCs, 4 oncocytomas, 1 AML, and 7 non-diagnostic 

(of 3 tumours no biopsy was taken). One cryolesion showed residual tumour on the first 

scan after treatment. Of the other 25 cryolesions 20% showed rim-enhancement after 

treatment, including one also showing focal enhancement. This enhancement disappeared 

within 6 months. All cryolesions showed nonenhancing infiltration of the perirenal fatty 

tissue. The mean diameter of the cryolesions decreased by 38% in 12 months. These results 

were independent of histopathological diagnosis. 

Although the size of the series is relatively small and there is no pathological 

confirmation of our findings, this study suggests that the presence of rim enhancement in 

the first months after cryoablation is relatively common and does not justify immediate 

retreatment. 
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samenVaTTinG

Dit proefschrift beschrijft vier aspecten van cryoablatie van niertumoren: (1) de 

werking van de cryonaalden in vitro en in vivo, (2) de histopathologische diagnose van 

kleine niertumoren behandeld met cryoablatie gebaseerd op biopten, (2) de klinische 

resultaten van de cryoablaties van niertumoren wat betreft de perioperatieve complicaties, 

de middellange oncologische en functionele resultaten en kwaliteit van leven, en (4) de 

radiologische follow-up.

1. De werking van de cryonaalden

Tijdens de cryoablatie van niertumoren worden meerdere cryonaalden gebruikt om 

de tumor te bevriezen gedurende twee vriescycli. Het is zeer belangrijk dat elke cryonaald 

een constante en voorspelbare werking heeft tijdens elke vriescyclus, zodat de behandelaar 

er zeker van is dat de hele tumor behandeld wordt. In hoofdstuk 2 testen we de werking 

van 17G cryonaalden en thermosensoren in vitro. De werking van de cryonaalden werd 

alsvolgt gedefinieerd: de tijd waarin één cryonaald de temperatuur laat dalen van 0 tot 

-20°C, gemeten door vier thermosensoren die elk op 3 mm afstand staan van de cryonaald. 

Dit stelde ons in staat om zowel variaties in de metingen van de thermosensoren te 

analyseren, als variaties in de vriessnelheid van de cryonaalden; zowel tussen verschillende 

cryonaalden, als tussen verschillende vriescycli van één cryonaald. 

Om de invloed van het vriesmedium op de werking van de cryonaalden te bepalen 

werden zij getest in twee verschillende mediums: agar en gel. Aangezien het metalen 

omhulsel van de thermosensoren de metingen zou kunnen beïnvloeden werd de werking 

van de cryonaalden ook nog gemeten m.b.v. een zgn. ‘naakte’ thermosensor waarmee een 

meer accurate temperatuur kan worden gemeten. Als laatste werden de cryonaalden ook 

nog getest in een multiprobe set-up omdat dit meer op de klinische setting lijkt. 

De resultaten tonen dat één cryonaald een reproduceerbare werking heeft tijdens 

verschillende vriescycli. Echter, de werking van verschillende cryonaalden is significant 

verschillend, zowel in agar als in gel. De gemiddelde werking in gel was 1.8 maal sneller 

in gel dan in agar. In beide mediums was er een significant verschil tussen de vier 

thermosensoren in hun meting van de werking van de cryonaalden. De gemiddelde 

werking van de cryonaalden zoals gemeten m.b.v. de naakte thermosensoren was 2.7 maal 

sneller vergeleken met de werking zoals gemeten door normale thermosensoren. In een 

multiprobe configuratie was de totale werking van de cryonaalden minder variabel en 

beter reproduceerbaar dan van een enkele cryonaald.

Concluderend is de werking van cryonaalden afhankelijk van het medium waarin 

ze worden getest en met welke meetinstrument. Individuele cryonaalden leveren 
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reproduceerbare vriescycli af. Het statistisch significante verschil in de werking van 

verschillende cryonaalden is waarschijnlijk niet groot genoeg om ook de klinische 

effectiviteit te beïnvloeden. Daarbij is de werking van de cryonaalden in een multiprobe 

configuratie minder variabel. 

In hoofdstuk 3 was ons doel om klinische parameters te identificeren die de 

vriessnelheid van de cryonaalden beïnvloeden in een multiprobe set-up. Hiervoor hebben 

we de data van de vriesprocedures van de eerste 70 cryoablaties geanalyseerd. 

Gebaseerd op de intraoperative biopten hebben we de data in twee groepen verdeeld: 

groep 1 met bewezen niercelcarcinoom (NCC) of non-diagnostisch biopt, en groep 2 met 

benigne tumoren. De intraoperatieve vriessnelheid van beide groepen werd berekend 

en vergeleken. Met behulp van een univariate en multivariate statistische analyse werd 

gekeken of bepaalde klinische parameters de vriessnelheid beïnvloeden. De volgende 

variabelen werden geanalyseerd: leeftijd en geslacht van de patiënt, American Society 

of Anaesthesiologists (ASA) score, het de hoogte van het preoperative kreatinine, de 

aanwezigheid van cardiovasculaire ziekte, hypertensie, diabetes mellitus (DM), of COPD, 

het gebruik van antistolling, de locatie van de tumor (rechts/links, boven-/midden-/

onderpool), en tumorgrootte. 

Van de 56 procedures die voldeden aan de inclusie criteria, werden er 48 geïncludeerd 

in de NCC-groep (39 RCC en 9 non-diagnostisch o.b.v. het biopt) en 8 in de benigne groep. 

Er was geen statistisch significant verschil tussen de vriessnelheid van de twee groepen. Bij 

de univariate analyse werd de vriessnelheid significant verhoogd door een preoperatieve 

kreatinine >120 μmol/L, ASA score 3, DM, en de locatie van de tumor in de onderpool. De 

vriessnelheid werd verlaagd door de aanwezigheid van COPD. Bij de multivariate analyse 

bleven de aanwezigheid van DM en de locatie van de tumor in de onderpool de enige 

onafhankelijke voorspellers van een verhoogde vriessnelheid. 

Concluderend kan gezegd worden dat de vriessnelheid negatief of positief beïnvloed 

kan worden door patiënt- en tumorkarakteristieken. Of dit ook consequenties heeft voor 

de oncologische uitkomst moet verder onderzocht worden.

2. histopathologische diagnose gebaseerd op intraoperatieve biopten

Na cryoablatie is er geen chirurgisch preparaat om de histopathologische diagnose 

van de tumor te stellen aangezien de tumor wordt bevroren in situ. Vandaar dat deze 

diagnose is gebaseerd op biopten die voor of tijdens de operatie worden genomen. Een 

aanzienlijk deel van deze niertumoren is benigne, dus een accurate diagnose is belangrijk 

voor de prognose en eventuele follow-up. Helaas bevat ongeveer 20% van deze biopten niet 

voldoende of onjuist weefsel zodat het onmogelijk is voor de patholoog om een diagnose te 
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stellen; deze biopten zijn zogenaamd ‘non-diagnostisch.’ In hoofdstuk 4 onderzoeken we 

of er bepaalde karakteristieken zijn van de tumor of het biopt die een non-diagnostische 

uitkomst kunnen voorspellen.

 Van 100 tumoren <4.5cm in 94 patiënten werden intraoperatieve biopten 

genomen voor de cryoablatie. De volgende parameters werden statistisch geanalyseerd op 

het beïnvloeden van de uitslag van het biopt: tumorgrootte, locatie en exofytisch deel van 

de tumor, de aanwezigheid van niet-aankleurende delen in de tumor op CT/MRI (mogelijk 

duidend op necrose), de grootte van de biopsienaald, het aantal genomen biopten, en de 

kwaliteit van de biopten.

Tweeëntwintig procent van de biopten waren non-diagnostisch. Er waren geen 

significante verschillen tussen de diagnostische en de non-diagnostische groep. Er was wel 

een positieve correlatie tussen tumorgrootte en het aantal genomen biopten, en tussen 

de aanwezigheid van niet-aankleurende delen op CT/MRI en zowel de grootte van de 

biopsienaald als het aantal genomen biopten. 

Concluderend kan worden gesteld dat er in de praktijk, zonder een protocol met een 

vaststaand aantal te nemen biopten, meer biopten worden genomen van grotere tumoren, 

en dat grotere tumoren meer niet-aankleurende delen bevat op CT/MRI. Aangezien geen 

van de parameters correleert met een non-diagnostisch biopt lijkt dit inherent te zijn aan 

de (technische) moeilijkheden bij het biopteren van kleine niertumoren. 

De intraoperatieve biopten die worden genomen tijdens laparoscopische cryoablaties 

worden genomen vlak voor de daadwerkelijke ablatie. Dit heeft potentieel negatieve 

gevolgen voor de cryoablatie zoals een bloeding uit het punctiegat waardoor plaatsing 

van de cryonaalden bemoeilijkt wordt, of zelfs een (forse) scheur in het nierkapsel. 

Hypothetisch kan een biopt ook versleping van de tumorcellen geven met tumorgroei in 

het prikgat van de biopsienaald tot gevolg. In hoofdstuk 5 onderzochten we of het voor de 

patholoog mogelijk is om de diagnose te stellen o.b.v. biopten die direct na de cryoablatie 

genomen zijn (dus van de bevroren tumor). Ook werd gekeken of deze zgn. ‘postcryo’ 

biopten voor minder complicatie zorgden.

Om dit te onderzoeken werden zowel pre- als postcryo biopten genomen van 21 

tumoren bij 20 patiënten m.b.v. een 18 Gauge bioptennaald. Deze biopten werden eerst 

simultaan geëvalueerd door onze eigen uropatholoog. Daarna werden ze willekeurig 

gerangschikt en door twee andere uropathologen beoordeeld die geblindeerd waren 

voor de timing (pre- of postcryo) van de biopten. Hen werd gevraagd om naast de 

histopathologische diagnose ook te melden of zij dachten dat de biopten pre- of postcryo 

waren genomen. Het diagnostisch rendement van de pre- en postcryo biopten en de 

interobserver overeenstemming werden berekend. 
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De resultaten tonen dat 75–81% van de precryo biopten terecht  als ‘precryo’ werd 

bestempeld, en 48% of the postcryo biopten terecht als ‘postcryo.’ Het diagnostisch 

rendement van de drie pathologen voor de precryo biopten reikte tussen de 67% en de 

71%, en tussen de 48% en de 71% voor de postcryo biopten (niet statistisch significant). 

Als beide typen biopten worden gecombineerd is het overall diagnostisch rendement 81% 

voor alle pathologen. De interobserver overeenstemming bij ‘bijna perfect’ voor precryo 

biopten, en ‘substantieel’ voor postcryo biopten. Er gebeurden geen complicaties tijdens 

de procedures; meer specifiek, er was geen sprake van bloedingen na de biopsieën. Ook 

was er geen sprake van tumorgroei in het verloop van het prikgat van de biopsienaald 

gezien, hoewel de follow-up daarvoor waarschijnlijk te kort is. 

 Deze studie laat zien dat het mogelijk is om een histopathologische diagnose te 

stellen o.b.v. een postcryo biopt, waarbij het diagnostisch rendement en de interobserver 

overeenstemming gelijk is aan precryo biopten. 

3. De klinische resultaten

Cryoablatie technologie is ver gevorderd de afgelopen jaren. Bijvoorbeeld, de eerste 

en tweede generatie cryosystemen gebruikten vloeibaar stikstof als vriesmiddel, terwijl 

derde generatie cryonaalden hiervoor argongas gebruiken wat onder hoge druk is 

gebracht. Door deze overgang kon de diameter van de cryonaald worden verlaagd naar 

1.47mm (17Gauge). Deze dunnere cryonaalden zijn makkelijker in de nier te prikken, 

minimaliseren het bloedverlies, en reduceren het risico op een scheur in de nier. Het 

nadeel is wel dat de ablatiezone (het bevroren gebied) van een enkele cryonaald kleiner is, 

waardoor er meerdere naalden nodig zijn om hetzelfde effect te krijgen. De veiligheid van 

de 17G naalden is bewezen, maar over de werkzaamheid blijven vraagtekens. Verschillende 

klinische series zijn gepubliceerd over het gebruik van de grotere naalden, maar midden- 

en langere termijn resultaten zijn nog steeds zeldzaam en bovendien meestal retrospectief. 

In hoofdstuk 6 presenteren we de middenlange termijn functionele en oncologische 

resultaten van patiënten die exclusief behandeld zijn met derde generatie 17G cryonaalden. 

We analyseerden de data van 92 patiënten met totaal 100 tumoren die behandeld 

waren in 95 sessies m.b.v. 17G cryonaalden; type IceSeed (80%) of IceRod (20%). De 

gemiddelde follow-up periode deze patiënten was 30.2± 16.5 maanden. Algemene data 

over de patiënten en de procedure, de histopathologische uitkomst, de nierfunctie, de 

beeldvorming (m.b.v. CT of MRI), algemene overleving (AO), ziekte/tumorvrije overleving 

(Z/TVO) en kanker specifieke overleving (KSO) werden bepaald. 

De gemiddelde leeftijd van de patiënten bedroeg 69 jaar (38.8-91.3). De gemiddelde 

tumorgrootte was 2.5± 0.8 cm, en de intraoperatieve biopten toonden 53.7% RCC, 

24.2% benigne tumoren, en 22.1% was non-diagnostisch. Het mediane aantal gebruikte 
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cryonaalden was 5 (3-8) IceSeeds, of 3 (2-4) IceRods. De nierfunctie (eGFR) een jaar na de 

ablatie toonde een behoud van nierfunctie bij 84.5% van de patiënten met een normale 

eGFR voor de cryoablatie. In een multivariate analyse was het enige risico op verslechtering 

van de nierfunctie de eGFR voor de behandeling. Bij drie patiënten persisteerde de tumor 

(alle drie NCC) zoals te zien op de eerste CT/MRI (gemaakt na 3 maanden). In vier gevallen 

(alle vier NCC) kwam de tumor terug na een gemiddelde tijd van 23 (6-37) maanden. Al 

deze patiënten kregen een additionele behandeling (RFA, radicale of partiële nefrectomie) 

waarna er geen verdenking meer was op tumorrest. De geschatte gemiddelde TVO, 

algemene driejaarsoverleving, en TVO van patiënten met NCC was respectievelijk 47.8 

maanden, 86.1% and 91.8%. Aangezien geen van de patiënten overleed ten gevolge van 

NCC-gerelateerde oorzaken en er geen patiënten metastasen ontwikkelden waren de KSO 

en de ZVO beide 100%. 

Deze studie laat zien dat laparoscopische cryoablatie van kleine niertumoren m.b.v. 

17G cryonaalden goede oncologische resultaten geeft met goede functionele uitkomsten 

na middellange follow-up. 

hoofdstuk 7 toont de klinische resultaten van de laparoscopische cryoablaties gedaan 

in vijf Europese centra m.b.v. 17G cryonaalden. Er werd in het bijzonder gekeken naar 

risicofactoren voor een ‘negatieve uitkomst’. 

Data over demografie, comorbiditeiten en ASA scores werden prospectief verzameld. 

Om comorbiditeiten te classificeren werden de Charlson Comorbidity Index (CCI) and 

Charlson-Age Comorbidity Index (CACI) retrospectief bepaald. Een ‘negatieve uitkomst’ 

werd gedefinieerd als een ongewenste gebeurtenis, een conversie naar een open procedure, 

een complicatie of verandering van de normale (post)operatieve procedure, of zgn. failure 

to cure (= rest-/recidief tumor). Perioperatieve negatieve uitkomsten tot 30 dagen na de 

cryoablatie werden gegradeerd volgens de Clavien criteria. M.b.v. een uni- en multivariate 

analyse werd geprobeerd onafhankelijke voorspellers voor een negatieve uitkomst te 

identificeren. 

In totaal werden 144 patiënten behandeld tijdens 148 sessies voor 152 tumoren. De 

mediane tumorgrootte was 2.6 (1.0-5.6) cm, waarvan de biopten in 65.8% NCC aantoonden, 

in 15.1% een benigne tumor, en waarvan 15% non-diagnostisch was (bij 4% werd geen 

biopt genomen). Mediane ASA, CCI en CACI van de patiënten waren respectievelijk 2 

(1-3), 2 (0-7), en 4 (0-11). Nierinsufficiëntie, cardiale aandoeningen, hypertensie en COPD 

kwamen bij resp. 33.2%, 30.4%, 18.9% and 12.8% van de patiënten voor, en 17.6% gebruikte 

regelmatig bloedverdunners. Er waren 30 negatieve uitkomsten bij 25 patiënten (16.9%). 

Vijftig procent van de complicaties werd gegradeerd als Clavien graad 1, 38,5% als graad 2, 

and 21.5% als graad ≥ 3. Negen complicaties (30%) konden direct worden gerelateerd aan 



172

Chapter 11

de cryoablatie. In de univariate analyse waren ASA score, geslacht, the aanwezigheid van 

een hartaandoening, tumorgrootte, en het type cryonaald significante voorspellers van 

een negatieve uitkomst. In de aanvullende multivariate logistieke regressie analyse bleven 

alleen geslacht, tumorgrootte en de aanwezigheid van een cardiale aandoening significant 

als onafhankelijke voorspellers van een negatieve uitkomst. Een tumor groter dan 3.4-cm 

bleek bij analyse een hoger risico op een perioperative negatieve uitkomst dan kleinere 

tumoren.

Deze resultaten benadrukken het belang van een goede analyse van de cardiale status 

van patiënten en de tumorgrootte als er advies wordt gegeven over laparoscopische 

cryoablaties. 

Er bestaan verschillende behandelopties kleine niertumoren, nl. laparoscopische en 

partiële nefrectomie,  ablatie d.m.v. ‘radiofrequency’ (RFA) en cryoablatie. Daarnaast bestaat 

de mogelijkheid voor zgn. ‘active surveillance’ voor patiënten met een hoog operatierisico. 

Om de verschillende behandelingen te vergelijken zijn niet alleen de oncologische en 

functionele uitkomsten belangrijk, maar ook het effect van de behandeling op de kwaliteit 

van leven (QoL) van de patiënt. In hoofdstuk 8 beschrijft een prospectief onderzoek waarin 

veranderingen in QoL en postoperatieve pijn werden geëvalueerd. 

QoL werd bepaald m.b.v. de Medical Outcome Study 36-item Short Form Health 

Survey (SF-36) en de European Organization for Research and Treatment of Cancer 

QLQ-C30 (EORTC-QLQ-C30). Postoperatieve pijn werd geëvalueerd m.b.v. de Visual 

Analogue Scale (VAS). Baseline vragenlijsten en VAS warden preoperatief afgenomen. De 

SF-36 werd ingevuld 3 en 9 maanden na cryoablatie; de EORTC-QLQ-C30 na 2 weken, 3 

maanden, en 1 jaar. De VAS werd 1 dag, 2 weken en 3 maanden postoperatief afgenomen. 

De invloed van de volgende parameters op de uitkomsten van de vragenlijsten en VAS 

werd onderzocht: 1) het tijdstip van afname van de lijst of VAS, 2) de leeftijd van de patiënt, 

3) de ASA score, 4) het voorkomen van een complicatie, en 5) de tumor histologie gebaseerd 

op de intraoperatieve biopten. 

De vragenlijsten en de VAS van 57 patiënten met in totaal 59 tumoren werd 

geïncludeerd voor analyse. Zestien patiënten waren jonger dan 60 jaar, 19 waren tussen de 

60 en 70 jaar oud, en 22 waren ouder dan 70. Acht patiënten hadden ASA score 1, 31 ASA 2, 

en 18 ASA 3. De biopten toonden dat 59.3% van de tumoren een niercelcarcinoom (NCC) 

was, 17% was benigne, en 20.3% was non-diagnostisch (bij 3.4% is geen biopt genomen). In 

totaal vonden er 12 complicaties plaats bij 10 patiënten. De analyse van de SF-36 toonde 

dat de ‘algemene perceptie van gezondheid’ van de patiënten geïncludeerd in de studie 

significant lager was vergeleken met de algemene Nederlandse bevolking, waarbij leeftijd 

(ouder dan 70 jaar) en tumor histologie (NCC) onafhankelijke voorspellers waren. Voor de 
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EORTC-QLQ-C30, waren zowel tijdstip van afname (2 weken postoperatief) en leeftijd 

ouder dan 70 onafhankelijke voorspellers waren van afgenomen ‘fysiek functioneren’ en 

‘pijn’. Tijdstop van afname (2 weken) en ASA 3 waren onafhankelijke voorspellers voor 

‘misselijkheid en braken’, en dat leeftijd ouder dan 70 en ASA 3 onafhankelijke voorspellers 

waren voor ‘obstipatie’. De hoogste VAS score werd 1 dag postoperatief bereikt en daalde 

daarna; echter niet tot baseline niveau na drie maanden. Zowel tijdstip van afname (1 dag) 

als leeftijd ouder dan 70 waren onafhankelijke voorspellers voor een hoge VAS score.

Deze studie laat zien dat kwaliteit van leven van patiënten behandeld d.m.v. 

laparoscopische cryoablatie twee weken postoperatief een relatieve afname laat zien, 

welke zich normaliseert na drie maanden. Kwaliteit van leven wordt daarin vooral negatief 

beïnvloed door hoge leeftijd en comorbiditeiten (ASA). De pijnscore (VAS) toonde een piek 

1 dag na cryoablatie, vooral bij patiënten ouder dan 70 jaar.

4. radiologische follow-up

Zoals al eerder vermeld wordt bij cryoablatie de tumor in situ behandeld. Dit betekent 

dat er geen chirurgisch preparaat bestaat waarvan een histopathologische diagnose 

of radicaliteit kan worden bepaald. Het behandelsucces wordt daarom bepaald d.m.v. 

beeldvormende technieken zoals CT en MRI. hoofdstuk 9 beschrijft de karakteristieken en 

ontwikkeling van zogenaamde ‘cryolesies’ op CT, en de relatie met de histopathologische 

diagnose gebaseerd op de intraoperatieve biopten. 

De contrastversterkte CT-beelden van 26 patenten met een follow-up van meer 

dan 6 maanden werden geanalyseerd door een radioloog. Er werd preoperatief een CT 

scan gemaakt, en 3, 6, 9, 12, 18, 24, 30 en 36 maanden na cryoablatie. De diameter van de 

cryolesie werd gemeten, het aankleuringspatroon werd beschreven, en eventuele andere 

abnormale bevindingen.

De gemiddelde follow-up van de patiënten was 17.2 (6-36) maanden. De gemiddelde 

tumorgrootte was 2.4 (1.3-3.8) cm, en de biopten lieten de volgende histopathologie zien: 

11 NCCs, 4 oncocytomen, 1 angiomyolipoom, en 7 waren non-diagnostisch (van 3 tumoren 

waren geen biopten genomen). Een cryolesie toonde resttumor op de eerste CT scan 

na de behandeling. Van de overige 25 cryolesies lieten 20% randaankleuring zien na de 

cryoablatie, inclusief 1 die ook lokale aankleuring liet zien. Deze aankleuring verdween 

binnen 6 maanden. Alle cryolesies lieten niet-aankleurende infiltratie zien van het 

perirenaal vet. De gemiddelde diameter van de cryolesies nam met 38% af in het eerste 

jaar. Deze resultaten waren onafhankelijk van de histopathologische diagnose. 

Hoewel deze studie een relatief kleine serie beschrijft en er geen pathologische 

bevestiging is van onze bevindingen suggereren de resultaten dat de aanwezigheid van 

randaankleuring van een cryolesie in de eerste maanden na behandeling vaak voorkomt, 

en geen reden is voor onmiddellijke herbehandeling. 
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DankWoorD

Na drie jaar in het AMC en ettelijke uren thuis is het dan eindelijk zover: mijn ‘boekje’ 

is AF! Zoals elke promovendus zal beamen: it was a hell of a job, maar ik ben zo blij dat 

ik het gedaan heb. Ik heb ontzettend veel geleerd; over hoe wetenschap bedreven wordt 

(vaak respect afdwingend, maar soms ook gefronste wenkbrauwen opleverend…), over 

de urologie (een prachtig vak), over SPSS (lang leve het KEB-consult!), en over mezelf. 

Natuurlijk kon ik het niet alleen, en wil ik dit hoofdstuk gebruiken om een aantal mensen 

te bedanken. Met de wetenschap dat het dankwoord de meest gelezen passage is van 

een gemiddeld proefschrift zal ik hier net zoveel aandacht aan besteden als de overige 

hoofdstukken☺. 

Allereerst natuurlijk dank aan mijn promotor, Professor de la Rosette. Toen u mij na 

mijn sollicitatiegesprek aannam sloot u het gesprek af met de woorden “Cryo is hot” – en 

ik ben u erg dankbaar dat u mij op dit prachtige project hebt gezet. Uw rode pennenstreken 

zorgden altijd voor verbetering van mijn stukken, en de gesprekken met u leverden altijd 

weer nieuwe inzichten op. Hartelijk dank daarvoor.

Ook dank aan mijn beide copromotoren Dr. Pilar Laguna en Prof. dr. Ir. Hessel 

Wijkstra. 

Beste Pilar, wat is jouw kennis van de literatuur toch enorm: bij al mijn vragen wist jij 

altijd direct welke auteur er iets over geschreven had en wat de resultaten waren (inclusief 

de getallen achter de komma!). Deze hulp maakte de artikelen altijd beter en up to date. 

Ook bedankt dat ik tijdens de cryo’s mocht assisteren; ik weet nog hoe blij ik was dat je mij 

een stuk perirenaal vet liet losprepareren. Het zelf mogen bijdragen aan de resultaten van 

het onderzoek (of misschien de illusie daarvan?) heb ik altijd erg gewaardeerd.

Beste Hessel, ik moet het toch toegeven: jouw kritische noten en commentaar 

stimuleerden altijd om een artikel logischer, duidelijker en beter te maken. Vooral bij het 

performance artikel, het CT-artikel, en de discussie van dit proefschrift heb ik daarbij veel 

aan je gehad. Dank daarvoor. 

Ook wil ik Brunolf Lagerveld graag bedanken. Jouw enthousiasme voor de cryo was  

aanstekelijk! Ook wil ik je nogmaals bedanken voor de mooie aanbevelingsbrief die voor 

mijn opleidingssollicitatie hebt geschreven. Succes met het afronden van jouw eigen 

promotie.

Professor Fibo ten Kate, professor Feran Algaba, en dr. Isabel Trias of the different 

pathology departments: thank you so much for your time and effort on the biopsy article(s). 

Professor Aeilko Zwinderman van de afdeling Epidemiologie en Statistiek bedankt 

voor uw hulp bij het QoL-artikel (en bedankt aan uw hele afdeling voor alle overige hulp; 

wat heerlijk dat jullie afdeling bestaat!). 
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Dan is het tijd om mijn collega’s te bedanken. Speciaal wil ik daarbij mijn twee ‘buufies’ 

Intan en Evelyne bedanken. Lieve Intan, bijna twee jaar heb ik naast je gezeten in G4-249, 

een leukere buuf had ik niet kunnen hebben - zo’n lieve pinda had ik nog nooit ontmoet☺. 

Lieve Evelyne, met jou als nieuwe buuf was ik ook ontzettend blij. Met de nadruk op was… 

want het is wel héél jammer dat jij me zo enorm ingehaald hebt dat je nu eerder bent 

gepromoveerd dan ik… ;) Nee hoor lieve Eef, ik ben gewoon hartstikke jaloers op je! Super 

dat ik jullie beiden ook na de tijd in het AMC tot mijn vriendinnen mag rekenen.

Ook met de andere assistenten en onderzoekers die ik tijdens mijn promotieonderzoek 

langs heb langs zien komen was het vaak heel gezellig. Na werktijd naar het Oude Gasthuis, 

de Basilic, de Epsteinbar, of met z’n allen op uro-weekend. Ontzettend bedankt voor al die 

leuke momenten! Als jullie bij de ACING-kliniek nog een seksuoloog nodig hebben, dan 

hoor ik het wel☺. Joyce wil ik nog even apart noemen; de tweede lieve pinda die ik leerde 

kennen bij de uro. Ook met jou hoop ik nog lang vriendinnen te blijven.

Dan wil ik Alice en Saskia graag bedanken. Met veel plezier heb ik met jullie samen 

gewerkt op de trialpoli. En natuurlijk verdient Christa hier ook een apart bedankje. Ik vond 

het altijd zo leuk dat jij aan onze verjaardagen dacht en elk jaar met een klein presentje 

kwam, net zo als de mooie roos die je me gaf toen ik in opleiding kwam. Jouw persoonlijke 

aandacht voor iedereen is zeker niet onopgemerkt gebleven. Over het laatste kadootje dat 

je me gaf zal ik maar niet verder uitweiden… 

Rob, Marie Louise, Norma, Ingrid, Lydia, Geert, Harry, Fred, Tonny en Gerda: bedankt 

voor jullie gezelligheid en hulp op de poli, het OBC, de OK, en de afdeling. En natuurlijk 

Sonja bedankt voor je hulp bij alle administratieve rompslomp rondom dit proefschrift!

Dennis van der Molen en Mark Schoenmakers van Galil Medical; bedankt voor 

jullie gezelligheid bij de cryo-OKs en cryo-diners. Mede dankzij jullie heb ik twee mooie 

congressen kunnen bezoeken; de EAU in Berlijn en de WCE in Cancun. Ontzettend 

bedankt daarvoor. En Dennis; wanneer kom je weer eens eten?

De afdeling seksuologie van het AMC; Ellen Laan en Marian Nievaard. Hoewel jullie 

niet direct betrokken zijn bij dit proefschrift wil ik jullie toch bedanken: Bedankt dat jullie 

mij hebben aangenomen als arts-onderzoeker. Dankzij deze baan heb ik mijn nieuwe vak 

ontdekt: de seksuologie. Ik hoop dat ik nog lang (of vaak) met jullie kan (samen)werken. 

Ook Katharina en de andere leden van ’team Trimel’ ontzettend bedankt: dankzij 

jullie gezelligheid ga ik elke dag met veel plezier naar mijn werk en kom met een glimlach 

weer thuis!

En Jelto Drenth bedankt; bedankt voor je vertrouwen, je begeleiding en de ‘mini-

college’s’ bij de FeMpoli. Wat een eer dat ik mede van jou het vak mag leren.
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Natuurlijk wil ik ook mijn lieve vriendinnen bedanken voor hun goede adviezen, 

schoppen onder mijn kont, geduld, en alle broodnodige afleiding.

Marije, mijn grote voorbeeld! Gepromoveerd tijdens je studie – nog steeds een 

fantastische prestatie. Als ik soms twijfelde of ik het wel af zou krijgen zat jij er als eerste 

bovenop met een motiverende, doch strenge peptalk… Het was een eer om jouw paranimf 

te zijn, en ik ben dan ook heel blij dat jij de mijne bent.

Jiska, onze ontstaansgeschiedenis is heel bijzonder, net als onze vriendschap. Mijn 

steunpilaar in barre tijden, vakantiepartner, dans- en squashmaatje, en nu ook mijn 

paranimf. Dank je wel!

Lique, ook jij bent een bijzondere vriendin. Wat kan ik met jou toch lachen, en kletsen, 

en nog meer lachen! En beloofd is beloofd: als ik nog eens een getuige nodig heb…☺ 

Annelies, mijn shopmaatje! Ik word altijd vrolijk van je, dat weet je. En Charlie, 

ondanks dat je zover weg zit blijf je mijn liefste dansmaatje!

Ook mijn overige vriendinnen (Astrid, Josje, Franciska, Marieke, Mandy, Jikke, Esther, 

Marjolein, Martine, Ranne, Yunka) ontzettend bedankt voor jullie vriendschap! Zij die ook 

bezig zijn met een proefschrift – zet ‘m op: als ik het kan, kunnen jullie het zeker!

Nr. 104 en 118… Nooit verwacht dat ik in Amsterdam zulke leuke buren zou treffen. 

‘Gr!’ of ‘liefs’ (voor degene die zich aangesproken voelt…).

Lieve Simone, ook jij bedankt voor de peptalks die je me hebt gegeven als het ging om 

het afronden van dit proefschrift; je was een tijd mijn persoonlijke cheerleader☺. Ik vond 

het leuk om te horen dat je trots op me bent vanwege deze prestatie. Dank je wel!

Remco, ook bij jou kon ik altijd terecht voor advies of een luisterend oor. En onder het 

genot van een biertje of een wijntje natuurlijk ook voor een gezellig gesprek! Ik hoop dat 

er nog vele volgen.

Oom Joost, u hebt weinig te maken gehad met de totstandkoming van dit proefschrift 

(hoewel u er wel altijd geïnteresseerd naar vroeg), maar ik wil deze gelegenheid graag 

gebruiken om u te vertellen dat ik heel trots en blij ben dat ik uw petekind ben! Ik hoop 

dat we nog vaak samen een museum of (Indiaas) restaurant zullen bezoeken (en laat die 

Tapasbarretjes maar zitten…).

Lieve Pa, ik heb zoveel aan je te danken dat ik nauwelijks weet waar ik moet beginnen. 

Maar tot mijn spijt zul jij deze tekst niet meer begrijpen. Dus doe ik het zo: ‘ientje toe.’

Lieve Mam, bedankt voor al je steun, je lieve bemoedigende woorden, en natuurlijk 

je lekkere aardappels & bietjes met jus. Ik ben blij dat jij mijn moeder bent; je bent een 

lieverd!

Last but not least wil ik alle cryo-patiënten bedanken zonder wie dit proefschrift niet 

tot stand was gekomen. 
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